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NO. FIVE OF A SERIES 


Actual photo of radar screen pictttreg 


im pe Raytheon. Manufacturing Company, 


a division of which disclosed the world’s 

first complete radar system in 1930. 

Pioneers in the development and perfection 
of magnetrons, the “heart” of all radar 
systems . . . the first to produce marine 
radar with 16” presentation. The ‘“‘Mariners 
Pathfinder” radar, as installed on vessels 

of leading steamship lines, is a product of this 


world’s largest producer of marine radar. 


Miniature Prevision Bearings 

are made by the originators and pioneer developers of ball bearings in this 
size range. MPB supplies the finest miniature ball bearings to over three thou- 
sand discriminating customers. 

Exclusive, exacting production and inspection detajls (practically every new 
concept in this field has been by MPB designers and engineers) assure highest 
quality bearings. Fully ground, lapped, honed, and/or burnished to ABEC 5 
tolerances or better, MPB ball bearings are torque tested, ultrasonicly cleaned, 
supplied in specific clearances, and classified within the tolerances for prompt 
assembiy and maximum service. 

More than a million MPB ball bearings have been supplied for many unusual 
operating applications — extreme temperature — shock — continuous high load 


capacity. The most extensive enginecring knowledge in miniature bearing 






applications is available to you. Write for Catalog and survey sheet TR1 


Though recently expanded, our production facilities are still not 
entirely adequate to always immediately satisfy the demand for ultra 
quality bearings. Continuing expansion, and newest exclusive proc- 
esses will soon enable us to supply you promptly. 


iniature Precision Bearings 
Incorporated MDP Keene, New Hampshire 
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When a 6-ton jet shoots 7 miles up, its precision-smooth 
turbine blades make it go — keep it flying. 

A twenty-five-thousandths of an inch of metal is care- 
fully ground off the forged blades by a Norton jet-blade 
grinder! What’s more, another one to fifteen ten- 
thousandths of an inch of metal is smoothed off when 


Cl blades are polished by Behr-Mannimg coated abrasives. 
O S e This “close shave” makes jets fly fast... and safely. 

Precision grinding and finishing are vital not only to the 

entire aircraft industry but also to every metal-working 


h plant. As the world’s largest manufacturers of abrasives 

\ ave and abrasive products, Norton and Behr-Manning con- 
stantly develop new products that help all industries 
reach higher quality standards. 


. 
mM a k e S J e f - f] y NORTON makes abrasives, grinding wheels, refractories, Norbide 





grain and molded products, grinding and lapping machines, non-slip 
floors. Norton Company, Main Office and Works, Worcester 6, Mass. 


BEHR-MANNING makes abrasive paper and cloth, oilstones, abrasive 
specialties, Behr-Cat brand pressure-sensitive tapes. Behr-Manning 
Corporation, Division of Norton Company, Troy, New York. 


Plants, Distributors and Dealers the world over 








CLARENCE J. GREEN, designer DR. N. E. OGLESBY, 23 years 
of the new Norton grinder in Behr-Manning Research, 
for generating the com- _ holdspatents on"SPEED-WET” 

pound contour of jet engine Discs,"RESINALL”,“RESIN- Gilaking better products fo make other products better 
blades, has been a specialist IZED”, and “DURABONDED” 

in cam grinding for 28 years. Coated Abrasives. 


NORTON - BEHR-MANNING 


THE TECHNOLOGY REVIEW. January, 1933, Newsstand Edition, Vol. LV, No. 3. Published monthly from November to July inclusive * Emmett 
Street, Bristol, Conn. Publication date: twenty-seventh of the month preceding date of issue. Annual subscription %3.50; Canadi an and Foreign subscription, 
$4.00. Entered as second-class matter December 23, 1949, at the Post Office at Bristol, Conn., under the Act of March 3, 1879. 




















to bone dry 





—in split seconds 


Water-logged waste dried in a twin- 
kling to a usable or easily disposable 
product—that is the magic of Flash 
Drying. 

In this ingenious Combustion- 
pioneered process, air so hot it 
would melt aluminum almost ex- 
plodes moisture from wet waste 
materials—yet with a touch so gen- 
tle and swift that scorching and 
burning never occur. Even temper- 
ature-sensitive substances are dried 
without structural breakdown. 

Wet coal fines from mine wash- 
eries are dried to a valuable fuel... 


Att? PFE. GF 





STEAM GENERATING, 


sewage sludge is dried and incin- 
erated to a sterile ash, or converted 
to saleable fertilizer...lime kiln 
feeds are dried to speed the calcin- 
ing operation...wood waste, starch, 
cattle feeds—industrial sludges and 
moist fines of all kinds are dried in 
a flash in C-E equipment. 

To thousands of customers, the 
C-E Trade Mark has meant simply 
steam generating equipment of all 
types and capacities—for industry... 
for power stations...for institutional 
heating plants...or for vessels ply- 
ing the sea lanes of the world. 


FUEL BURNING 


COMBUSTION ENGINEERING-SUPERHEATER, INC. 


Combustion Engineering Building 
200 Madison Avenue, New York 16, N. Y. 








AND 


But to many others the C-E flame 
has special meanings such as flasiy 
drying... pulverizing...chemical re 
covery systems...pressure vessels.. 
firing equipment for special fuels o 
many different kinds...even auto 
matic water heaters for your home 
These “special” fields all have a com} 
mon kinship in Combustion’s pri 
mary concern: the effective genera 
tion and utilization of heat. To thi 
common purpose, through produc 
in many diverse fields, C-E bring 
more than 65 years of specialized 
knowledge and experience. 





RELATED EQUIPMENT 


B-604 
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CABOT ¢ porte 


carbon blacks and still expanding... 
plasticizers 
ae a il it’s been Cabot for Carbon Blacks since 1882. 
ow Today, Godfrey L. Cabot, Inc. and its subsid- 
charcoal iary companies produce not only the world’s 
dipentene finest quality carbon blacks, but the widest 
solvents range of grades available to industry. The 
softeners world looks to Cabot also for quality plastic- 
itn izers, pine tar products, coke, wollastonite, 
’ clay, natural gas and gasoline, oil pumping 
wollastonite equipment, and yes, even gun tubes. 
clay The Cabot Companies have producing oper- 
natural gas ations which extend all the way from Utah, 
natural gasoline Colorado, New Mexico, Texas, Oklahoma, 
ell pumping equipment Louisiana, Florida, West Virginia, Pennsyl- 
vania, New York, to Ontario, Canada, and as 
gun tubes far as Liverpool, England. Cabot Research and 





Development facilities are extensive, modernly 

equipped and expertly staffed. Cabot products 

are sold to thirty-six different foreign countries 

= all six continents. Cabot has either sales 

~ offices or sales representatives in every principal 

CABOT city of the world...ready and willing to 
x serve you. 


GODFREY L.CABOT, INC. 


7 FRANKLIN STREET, BO 











CABOT OPERATIONS: oFFICes — GENERAL OFFICES, Boston... APPALACHIAN OPERATIONS, Charleston, W. Va... .SOUTH. 
WESTERN OPERATIONS, Pompa, Tex..., OlL AND GAS OFFICE, Midland, Tex.... SALES OFFICES AND AGENTS IN ALL PRINCIPAL 
CITIES OF THE WORLD LABORATORIES — RESEARCH AND DEVELOPMENT, Boston... TEXAS RESEARCH AND DEVELOPMENT, 
Pampa, Tex. CHANNEL CARBON BLACK PLANTS — BOWERS, Elfco, Tex.... HOBBS, Kornegay, N. M.... KERMIT, Magwalt, 
Tex. ... MILLS, Kingsmill, Tex... . SCHAFER, Skellytown, Tex. ... WICKETT, Wickett, Tex. FURNACE CARBON BLACK PLANTS — 
CANAL, Cabot, La.... DIXON, Big Spring, Tex....GUYMON, Guymon, Okla.... PAMPA, Pampa, Tex. ... VILLE PLATTE, Tate Cove, 
Tex. ... STANLOW, Ellesmere Port, Eng. ... Sarnia, Ontario, Can. CANAL THERMAL BLACK PLANT — Cabot, La. CABOT 
SHOPS, INC. — Pampa, Tex., OIL WELL PUMPING UNITS, GUN TUBES CABOT ENGINEERING CO. — Pompa, Tex. GAS COKE 
PLANT — Pampa, Tex. MINERALS DEVELOPMENT CORP. — Salt Lake City, Utah, COAL PLASTICIZER DIVISION — Boston 
RETORT CHEMICAL DIVISION — Gainesville, Fia., PINE TARS, CHARCOAL, SOLVENTS CABOT MINERALS DIVISION — Boston... 
WOLLASTONITE GEORGIA PIGMENT CO. — Sandersville, Ga.... CLAY Oll AND GAS — NATURAL GASOLINE PLANTS... 
ESTES, Wickett, Tex. ... KEYSTONE, Kermit, Tex.... WALTON, Kermit, Tex. OlL PRODUCTION ...NATURAL GAS PRODUC- 
TION ...NATURAL GAS PRODUCTION AND DISTRIBUTION. 









Internal 
Tri-point 
Micrometer 





Now you can measure bores and holes directly — 
without masters — with the new Brown & Sharpe 
Intrimik. It reads like a conventional micrometer. 
Eliminates many expensive plugs and setting rings. 
Sixteen sizes to measure from .275” to 4.000”. Exten- 
sions are available to facilitate measuring deep holes. 
Write for new illustrated Bulletin. Brown & Sharpe 
Mfg. Co., Providence 1, R. L., U.S.A. 


WE URGE BUYING THROUGH THE DISTRIBUTOR 


Brown & Sharpe '*° 


[-] Subminiature [-] Nucleonic 

[_] Hearing Aid [_] Voltage Regulator 
__] Reliable [_] Rectifier 

[-] Rugged [] Transmitting 

[_] Transistors [-] Magnetron 

[_] Crystal Diodes [_] Klystron 


Reytheon has designed and produced millions of 
such tubes-—has the specialized technical skill and 
resources ‘Oo meet your needs. Over half a million 
Raytheon Subminiatures are carried in stock. 400 
Raytheon Special Purpose Tube Distributors are ready 
to serve you. Application engineering service at New- 
ton, Chicago and Los Angeles. 


RAYTHEON MANUFACTURING COMPANY 


Sy elcla le) mu AU ol-my 14 ilele 


295 Chapel St., Newton, Massachusetts 
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Philosophy. — In spite of brilliant successes in ada 

vancing man’s material well-being, science, engineers 
ing, and technology are blamed for more than theigt 
share of the w orld’, s present disorders. If the phy sical 
sciences have progressed at jet speed, leaving the 
humanistic sciences to dawdle along at a snail’s pacey 
have we truly sought, in human relations, that objec 
tive truth whose seeking has brought such outstand4 
ing success in materi: al gain? Sey there not be 
definite advantage in applying to spiritual, ethical, 
and human problems the same kind of thinking and 
philosophizing that has revolutionized man’s material 
status? A definitely affirmative stand on this question 
is expressed in the article (page 147) by F. ALEXANDER 
Macoun, 718, and R. Carrer NyMAN, who see no rea- 
son why a sincere search for objective truth should 
have any more baleful consequences when applied to 
human relations than to inanimate objects. 

A native of Oberlin, Ohio, Mr. Magoun was edu- 
cated at M.I.T. and Harvard, and is president of 
Technology’s Class of 1918. During World War II, he 
was consultant to the Department of State. He is an 
honorary fellow of the American Institute of Manage- 
ment, and a director of the Boston Branch of the So- 
ciety for the Advancement of Management. Now, as 
for many years, he is serving industry by applying 
spe ‘cialized knowle dge in human relations to the needs 
of those managements which aim to achieve good 
interpersonal relations in their organizations. 

Mr. Nyman was-born and educated in Marlboro, 
Mass. After doing research on industrial relations for 
the Institute of Human Relations at Yale University, 
he was the first personnel director of the Southern 
Division of the Kendall Mills, first personnel director 
of Yale University, and technical expert, accredited to 
the 1938 Textile Inquiry Board, International Labor 
Office, Geneva. Almost the last thing Mr. Nyman did, 
before his untimely death, was to add his signature 
to The Review's story. 

This article was originally delivered by Mr. Magoun 
as a joint paper by both authors under the title, “The 
Engineer and His P hilosophy,” at the National Spring 
Meeting of the American Society of Mechanical Engi- 
neers, held in New London, Conn., on May 3, 1949. 


















































History. — The Institute’s course of instruction in 
bacteriology comes in for historical review (page 151) 
by Froressor Murray P. Horwoon, ‘16, of the De- 
partment of Civil and Sanitary Engineering — a mem- 
ber of Technology’s staff since Boston Tech moved 
to its present Cambridge location in 1916. Professor 
Horwood received the BS. degree from the College 
of the City of New York in 1913, and the S.M. and 
Ph.D. degrees from M.LT. in 1916 and 1921, respec- 
tively. He was an instructor at the Institute from 1916 
to 1923; assistant professor, 1923 to 1929; associate 
professor, 1929 to 1937; and professor from 1937, all 
in the Department of Biology and Public Health. In 
1944 he became professor of sanitary science, and in | — 

(Concluded on page 138) 
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— to Coming developments in transport—still beyond the horizon—will 
,abor 
1 did, depend very largely upon the new alloys the metallurgists can supply 
¢ t “oo . . . . 

7 the engineer. The laws of thermodynamics dictate higher tempera- 


. tures for greater efficiency in engines and, as the addition of Molyb- 
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ring denum to many alloys allows the use of higher temperatures, it will 
ingi- 


1949. certainly be used more and more in the engines of the future. 
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These Choppers convert low level DC 
into pulsating DC or AC, so that servo- 
mechanism error voltages and the out- 
put of thermocouples and strain gauges 
may be amplified by means of an AC 
rather than a DC amplifier. They are 
hermetically sealed, precision vibrators 
having special features which contrib- 
ute to long life and low noise level. 









WRITE FOR CATALOGS... 
#246B, 60 cycles, AC 
#280, 400 cycles, AC 








GEAR PLANS 
FOR 1953 


The new products that 
will greet the public 
next year are being 
readied for produc- 
tion now—many of 
them with gears by 
Diefendorf. 

All materials—all 
types—largeand 
small—made to spec- 
ifications, exclusively. 


DIEFENDORF GEAR 
CORP. 





Syracuse, New York 


DIEFEND‘O:AF 
G E A R S 
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(Concluded from page 136) 









1947 headed the Laboratory of Sanitary Bacteriology 
and Research in the Department of Civil and Sanitary 
Engineering, where he has been teaching sanitary 
bacteriology, principles of sanitary science, environ- 
mental sanitation, and public health practices. Dr, 
Horwood has also had extensive experience in other 
educational institutions as well. He was an instructor 
in sanitary and public health bacteriology at Welles. 
ley College, 1917-1918, was in charge of bacteriology 
and public health at Boston University Medical 
School from 1919 to 1921, and in charge of public 
health at Tufts Medical College from 1921 to 1926, 
He has been director of the Institute’s food sanitation 
service since World War II until last July, when he 
was granted a leave of absence to go to Burma to as- 
sist the faculty of the University of Rangoon to estab- 
lish improved curriculums, especially in public health. 









































English. — Higher education in England, as viewed 
by a recent Technology graduate and Rhodes scholar, 
is the topic of an article (page 155) by Eucene B. 
SkoLnikorFr, '49. Mr. Skolnikoff was a student in the 
Co-operative Course in Electrical Engineering and 
received the S.B. and S.M. degrees from M.I.T. in 
1950. He was awarded a Rhodes scholarship and 
spent the following two years studying Philosophy, 
Politics, and Economics for a B.A. degree which he 
received from Oxford University in June, 1952. Mr. 
Skolnikoff is now industrial liaison officer at M.I.T. in 
the Institute’s program of industry-sponsored re- 
search. Mr. Skolnikoff's analysis of higher education 
in England and in the United States points out the 
comparative advantages and disadvantages of each. 
Mr. Skolnikoff concludes that the best all-around edu- 
cation is probably a combination of British and Amer- 
ican university training, and, on the basis of first-hand 
experience, heartily endorses the practice of obtain- 
ing a part of one’s education in a foreign land. 



















A client for whom we have 
completed 26 contracts wrote 
us on our 35th Anniversary: 


“For the past 25 years our two companies have 
enjoyed a fine, honest, cooperative period of 
coordination which has resulted in the construc- 
tion of well-designed facilities for our use.” 


Planning to build? From an outline of your 
requirements, we can give you reliable infor- 
mation on cost, time required, etc. 


W. J. BARNEY CORPORATION 
Founded 1917 
101 Park Avenue, New York 


INDUSTRIAL CONSTRUCTION 


Alfred T. Glassett, "20, President 
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chemistry, and coal! 


Science has found a new way to get valuable chemicals from coal 


Science has at last found a practical way to convert coal into 
the host of valuable chemicals that nature locked into it. 

The people of Union Carbide have developed a way to 
bring coal and hydrogen gas together under carefully con- 
trolled heat and pressure. In minutes, this revolutionary 
process—called coal hydrogenation—converts the coal into 
a mixture of gases and liquids that are rich in useful 
chemicals. 


A WEALTH OF RAW MATERIALS— Among them are hith- 
erto scarce, and even completely new, ental, Some are 
raw materials for plastics and synthetic rubber, or are vital 
to medicine and vitamins. Some are valuable in rocket pro- 
pulsion. Others are necessary in insecticides, surface coat- 
ings, and many other important uses. 

A NEW SOURCE OF SUPPLY — Today, Union Carbide’s 
coal-hydrogenation process promises steady and vastly in- 
creased production of chemicals for these needed materials. 


What’s more, it will provide a host of chemicals that may 
become the basis of many new products. 


A UCC ACHIEVEMENT — With the first coal-to-chemicals 
plant of its kind in operation, the people of Union Carbide 
are now well on the way to making abundant coal a source 
of chemicals important to us all. 


STUDENTS and STUDENT ADVISERS 
Learn more about the many fields in which Union 
Carbide offers career opportunities. Write for the 
free illustrated booklet “Products and Processes” 
which describes the various activities of UCC in the 
fields of Attoys, Carnons, CHEMICALS, Gases, and 
Puiastics. Ask for booklet A-1. 


Union CARBIDE 


AND CARBON CORPORATION 
CC) NEW YORK 17, N. Y. 





30 EAST 42ND STREET 


UCC’s Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include 
SYNTHETIC ORGANIC CHEMICALS * BAKELITE, KRENE, and VINYLITE Plastics « LINDE Oxygen * DYNEL TEXTILE FIBERS 
ELECTROMET Alloys and Metals * HAYNES STELLITE Alloys * PRest-O-LITE Acetylene * PYROFAX Gas 
EVEREADY Flashlights and Batteries * NATIONAL Carbons * ACHESON Electrodes * PRESTONE and TREK Anti-Freezes 
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Again... one of the most remarkable votes of 
public confidence in the history of American Industry 


In 1953, too as in every single year for the last 38 years 
MORE PEOPLE RIDE ON GOODYEAR TIRES THAN ON ANY OTHER KIND 


GOOD/YEAR | 
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“I have but one lamp by which 

my feet are guided, as | that is 

the lamp of experience. I know 

of no way of judging of the fu- 
ture but by the past.” 

H. Armstrong Roberts — Patrick Henry 
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“That inward eye which is the bliss of solitude.” 


— William Wordsworth 


THE TECHNOLOGY REVIEW 








THE 


TECHNOLOGY 
REVIEW 





Vol. 55, No. 3 


January, 1953 





The Trend of Affairs 


Impurities Create an Industry 


operations, the attainment of material of high 

purity is a time-consuming, costly, and difficult 
objective. It is seldom that one encounters a state of 
affairs in which the purity of a substance can be too 
high. Yet, in the field of solid semiconductors, not only 
issuch a situation possible, but intentional contamina- 
tion of highly purified metals in Group IV of the peri- 
odic table promises to have important industrial 
engineering and economic implications. In the past 
decade, rapid progress has been made in understand- 
ing the behavior of semiconductors, and engineering 
applications have been quick to hatch out of advanced 
knowledge of solid state physics. 

One of the most significant of these applications is 
the transistor, representing a class of devices which, 
for the first time, offers competition to the versatile 
electron tube, and may even further expand the bil- 
lion-dollar electronics industry. Since it was an- 
nounced in 1948 by William Shockley, ’36, and his 
co-workers at the Bell Telephone Laboratories, much 
progress has been made in transistor developments. 
Accordingly, a brief survey of the present, and ever- 
changing, status of these devices may be in order as a 
review of some phases of technological progress to 
look to in the future. 

Transistors are capable of rectifying, amplifying, 
oscillating, and switching operations — all functions 
which were previously carried out only by electron 
tubes. Transistors have the distinct advantage over 
tubes in requiring no power to produce thermionic 
emission. Since they do not have to attain elevated 
temperatures to produce controllable currents, tran- 
sistors can start operating immediately on either con- 
tinuous or stand-by duty, do not contribute to the 
generation of useless heat which must subsequently 


[: most laboratory techniques and manufacturing 
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be dissipated, and are more efficient than electron 
tubes because Of their reduced power consumption. 
These advantages are of major importance especially 
where many units are required, as in electronic com- 
puting mechanisms, for example. The small size of 
transistors — roughly about the size of a match head 
or a small pea, exclusive of containers or sockets that 
may be desirable — and their rugged construction, 
with no parts to wear out, are further advantages 
which transistors offer over tubes. Not enough is yet 
known about those factors which determine transistor 
life to make definite statements, but transistors are 
estimated to have a useful life of more than 70,000 
hours. They may even last indefinitely if units are suit- 
ably protected against excessive rises of temperature 
and humidity, and are operated within properly es- 
tablished electrical ratings. 

It is not surprising, therefore, that the transistor 
was destined from the first to have unquestionable 
impact on electronic design, or that transistors have 
become a major center of interest for both physicists 
and engineers. Certainly the development of the tran- 
sistor may be expected to have important repercus- 
sions from two different points of view — engineering 
and economics. 

In physical appearance, the transistor may be de- 
scribed as consisting of a small pellet of semiconduct- 
ing material, with terminal contacts of proper size and 
location for feeding electrical energy into, and extract- 
ing energy from, the device. In some transistors, the 
semiconductor (which is usually germanium of ex- 
ceedingly high purity to which known impurities have 
been added) consists of a “sandwich” (or other con- 
figuration) of different types of germanium instead of 
a pellet of homogeneous material. 

In its mechanism of operation, this disarmingly 
simple and compact device is sufficiently complicated 
that no adequate discussion of operation could be at- 
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Nick Lazarnick 

Discussing crystal structure of semiconducting materials at the 

Bell Telephone Laboratories are (in usual reading order): Wil- 
liam Shockley,’36, Walter H. Brattain, and John Bardeen. 


tempted except in more space than can be given here. 
For our purpose it suffices to say that the unusual 
properties of transistors are dependent upon the addi- 
tion to highly purified germanium, of slight traces of 
other elements, especially those in either Group III or 
Group V of the periodic table. 

Although one author indicates that more than 60 
experimental types of transistors are known, these 
can be classed as variations of three general types: the 
point contact type introduced in 1948; the junction 
type devised in 1951; and the unipolar type intro- 
duced in 1952. Transistors may be made sensitive to 
radiation in or near the visible spectrum, and the re- 
sulting photo-transistors may be expected to compete 
with ordinary phototubes in engineering applications. 

In the early days of transistors, the electronic be- 
havior of semiconductors was not sufficiently well 
understood to make the manufacture of transistors a 
matter of science — possibly not even a matter of art, 
in all cases. The reproducibility of units was poor, 
reliability was likewise bad, life of manufactured units 
was uncertain, and transistors were sometimes sub- 
ject to rapid deterioration at temperatures and 
humidities that might be easily encountered in com- 
mercial and military applications. Furthermore, the 
characteristics of transistors were not sufficiently sta- 
bilized or standardized to facilitate the design of 
equipment intended for their use. 

But even if these difficulties had been overcome 
immediately, there would still have been the problem 
of designing suitable circuits to operate with tran- 
sistors. Although it performs many of the functions of 
an electron tube, a transistor cannot be plugged into a 
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circuit as a replacement for an existing tube, and new 
circuit designs and components must be evolved to 
take full advantage of the properties of transistors, 

Much progress has been made in transistor dey elop- 
ments during the last four years, however. There js 
ample, and growing, evidence that this new group of 
electronic devices may soon reach the stage of com. 
mercial availability; certainly developments in com. 
mercial app'ications will be worth watching in the 
coming year or two. As an indication of things to come. 
it is interesting to recall that in November the Radio 
Corporation of America gave a demonstration to mem. 
bers of the press, at its research laboratories in 
Princeton, N.J., in which a variety of devices using 
transistors were put through their paces. While this 
is, by no means, the first time transistors have been 
demonstrated before groups in public, it seems quite 
unlikely that equipment — even experimental models 
— would be displayed before members of the press if 
commercial units were not likely to be forthcoming in 
the reasonably near future. In fact, a few manufac. 
turers have already advertised that transistors may be 
obtained, on a samp!e basis, by manufacturers and 
governmental agencies doing developmental work for 
national defense projects. 

A further indication of the tremendous strides which 
have already been made, and the possibility of early 
commercialization of transistors, is reflected by the 
fact that the November, 1952, issue of the Proceedings 
of the Institute of Radio Engineers is devoted entirely 
to recent progress in transistors and associated equip 
ment. This issue of 320 editorial pages contains 48 
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Complete experimental audio amplifier in which four junction 
transistors, mounted on a plug-in base, perform the combined 
functions of two or more electron tubes and an output trans- 
former. Operating from a small, low-voltage battery, this am- 
plifier can provide sufficient power to operate a loud-speaker. 
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articles dealing with the te -chnical and engineering 
hases of transistor developments, from the physics 
of semiconduction to a discussion of circuit design 
and applications in instrumentation. Readers of The 
Review may be interested to know that contributions 
to the November issue of the Proceedings of the I.R.E. 
have been made by the following Technology Alumni 
—all of whom have written technical articles for this 
special issue: Richard F. Shea, ’24, Hsu-Yun Fan, ’34, 
Charles W. Mueller, °36, William Shockley, ‘36 
Lloyd P. Hunter, 39, Belmont G. Farley, "43, and 
Robert L. Pritchard, 6-46. 

Well over a year ago it was possible to demonstrate 
the amplifying and oscillating properties of tran- 
sistors in a highly dramatic manner by means of a 
circuit energized by a “wet batte ry’ ’ composed of two 
coins of different metals held between blotting paper 
which had been moistened with saliva. In its press 
demonstration of mid-November, the R.C.A. demon- 
strated such units as: portable public-address system, 
personal radio receiver, ports able FM radio set, auto- 
mobile radio set, portable phonograph, low- -power 
oscillator or radio transmitter, electronic musical in- 
struments, transformerless power amplifier, elements 
for electronic computing machines, and industrial and 
broadcast television systems, in which transistors were 
essential components. 

At the Research Laboratory for Electronics at 
M.I.T., work has been in progress for several months 
on the use of transistors as multiplying components in 
the design of new electronic computing mechanisms. 
The Bell System has devised a variety of packaged ele- 
ments containing transistors to perform the functions 
of encoding, translating, counting, registering, and 
serial addition in computer work, and packaged audio 
oscillator and amplifier units, sealed in plastic, have 
been built. Not all of these applications are basically 
different, and undoubtedly many other applications 
have also been made. But the list does indicate some 
of the things that have already been accomplished in 
utilizing transistors. 

The transistor is not expected to supplant the elec- 
tron tube any more than radio replaced the phono- 
graph. In fact, because the transistor will allow the 
development of electronic devices not now possible, 
the market for electron tubes may even increase under 
the full impact of commercial transistors. As new types 
of transistors come from the research laboratory to 
provide greater power, to operate at higher fre- 
quencies, or to function with greater reliability, the 
field of potential applications will enlarge still further. 

At the present time it is difficult to come to any 
definite conclusions regarding the characteristics and 
ratings of transistors for engineering applications be- 
cause development has been so rapid that commercial 
ratings and tolerances have not yet been fixed. Un- 
doubtedly progress in this direction will be rapid in 
the coming year, and already much has been done to 
improve the stability, reliability, and economical 
vield of dev elopmental units. Temper rature limitations 
have not yet been overcome, although substantial im- 
provements have been made. The behavior of tran- 
sistors is also reported to be markedly influenced by 
humidity, and again it has not yet been possible to 
attain that degree of independence of humidity that 
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{ portable, battery-operated television receiver which uses ex- 
perimental transistors. This single channel set, housed in a 
plastic case 12 by 13 by 7 inches in size, produced satisfactory 
pictures from the transmitter atop the Empire State Building 
at distances of five miles using a self-contained loop, or at 15 
miles when using a “rabbit ear” antenna. The only tube used 
is the five-inch Kinescope picture tube shown at the upper left. 
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is desirable. Possibly suitable techniques of sealing 
transistors in plastic, or other hermetic enclosures, 
may provide a solution to this problem. In certain ap- 
plications transistors may be more noisy than is desir- 
able, and at present the maximum output of these 
devices appears to be in the neighborhood of one or 
two watts; many transistors will be operated at much 
lower power outputs, but higher ratings are certainly 
desirable. The upper frequency at which transistors 
may be operated depends upon the type of transistor 
and also its operating conditions, but units have been 
operated at frequencies as high as 130,000,000 cycles 
per second. 

There is still much work to be done before transis- 
tors become as universal and readily obtainable as 
radio tubes, but the outlook for the future is bright. 
Present understanding of semiconducting devices is 
mature; much better than was our understanding of 
vacuum-tube behavior in 1915, when a vacuum-tube 
transmitter at Arlington, Va., sent out radiophone sig- 


nals which were picked up simultaneously in Hawaii 


and Paris. A whole new field of circuit engineering is 
yet to be dev eloped, but the required techniques of 
network analysis are well known. Tube manufacturers 
are feverishly engaged in perfecting transistors, and 
when these become available for commercial use, a 
much larger group will tackle problems of circuits and 
applications. All in all there is good basis for con- 
fidence in future progress in a field in which impuri- 
ties will undoubtedly pay high dividends. 
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Amazing Maize 

NE cardinal rule of scientific thought is to chal- 
Ohenge any concept that is of purely rational origin, 
and lacks empirical support. Endorsement of this pre- 
cept now comes from recent reports on the nutritive 
en of tortillas, those corn (maize) cakes that are 
the staple food of many Mexicans. 

Corn for making tortillas is cooked in lime water. 
Hence it has sometimes been held that the resultant 
regular ingestion of alkali must have baleful effects 
upon the Mexicans. No such injury, however, has been 
objectively reported. To the contrary, the Mexicans on 
the whole are known to enjoy better health than other 
peoples whose major food is maize. Such populations, 
as in parts of Africa and formerly in the southern 
United States, are notoriously subject to a nutritional 
deficiency disease called pellagra. Mexican people 
in contrast, have been quite free from this affliction. 

Recently published studies attribute this paradox 
to a gain in vitamin value by corn as a result of lime 
treatment in the making of tortillas. Laboratory exper- 
iments have shown such treatment to “unlock” niacin, 
a B vitamin apparently present in corn but not re- 
leased during normal digestion. Pellagra, in the main, 
is caused by a deficiency of niacin. Indeed the dis- 
ability and death from pellagra, once rampant in 
southern areas of the United States, have largely been 
ended by the addition of niacin (along with other 
nutrients) to all corn products consumed there. The 
public health significance of such enrichment of maize 
products is evidenced by its having been made a legal 
requirement in a number of southern states. 

Apparently the release, by lime treatment in the 
making of tortillas, of the niacin inherent in maize 
has kept pellagra from being a scourge in Mexico. 
Reports of these findings also indicate a secondary 
benefit of the lime treatment; namely, an increase in 
calcium level of the Mexican dietary. Calcium is a 
salubrious nutrient that may be insufficient in diets 
unless they include liberal amounts of dairy products, 
green vegetables, and other relatively expensive 
foods. Hence it is particularly fortunate that the 
tortilla eaters of Mexico, of whom many have low 
incomes, can derive desirable calcium from their 
favorite food. 

Thus it has become clear that the preparation of 
tortillas with lime, once vigorously decried, is in truth 
doubly beneficial from the dietary standpoint. 


Magnetic Clutch Studies 


ne the past three years, members of the Servo- 
mechanisms Laboratory at M.I.T.* under the 
direction of George C. Newton, Jr.,’41, Associate Pro- 
fessor of Electrical Engineering, and with the spon- 
sorship of the United States Air Force, have carried 
on a research program to determine the character- 
istics and potentialities of magnetic-particle clutches. 
The program was initiated shortly after the announce- 


* The following men have contributed to the clutch pro- 
gram at the M.LT. Servomechanisms Laboratory: Charles A. 
Cibelius, Jr.,’49, Elliott Cutting,’51, Joseph P. Ivaska,’32, James 
Jursik, G., Robert Kramer,’49, Alfred J. Parziale, 2-47, P. D. 
Tilton, and Norman J. Zabusky, G. 
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ment by Jacob Rabinow of the National Bureau of 
Standards that the “viscosity” of a mixture of iron 
powder and oil could be controlled through variation 
of magnetic field — Mr. Rabinow suggested 
the application of this phenomenon to a clutch which 
he called the magnetic-fluid clutch. 

The magnetic-fluid or magnetic-particle clutch ef. 
fects transmission of torque from one member (such 
as a disc or cylinder of magnetic material) to another 
by means of the cohesive and adhesive strength of the 
magnetic medium contained in a small space between 
the members. The medium is a mixture of iron pow. 
der and a suitable lubricant. The cohesive and ad- 
hesive strength of the medium, and thus the torque 
capacity of the clutch, can be varied by changing the 
strength of the magnetic field which pervades the 
medium. 

At the start of the program, the fundamental prop- 
erties of magnetic-particle clutches and magnetic 
mixtures were essentially unknown. Consequently, 
the first phase of the program was to determine these 
properties. Experimental clutches were built with 
special features to permit making the necessary meas- 
urements, Static and dynamic properties of iron-par- 
ticle mixtures, such as the relationship of shear stress 
to flux density, slip speed, gap length, temperature, 
lubricant, particle size, and other variables were in- 
vestigated. The results indicated advantages for solid 
lubricants, such as graphite and molybdenum disul- 
phide, over oil which was most commonly used by 
early investigators. Oil, as a lubricant in the iron-par- 
ticle mixture, possesses undesirable characteristics for 
many clutch applications. It is difficult to seal and be- 
comes unstable at relatively small temperature eleva- 
tions. The dry lubricants are less difficult to seal and 
can withstand higher temperatures than oils. Using a 
mixture of eight micron iron powder particles contain- 
ing 1.7 per cent molybdenum disulphide for lubrication, 
shear stresses of the order of 20 pounds per square 
inch have been obtained at flux densities of 1.0 weber 
per square meter; furthermore, for a given clutch 
configuration, comparable torque characteristics were 
obtained with dry lubricants and oils. Some other 
facts of interest are: (1) the torque is essentially in- 
dependent of slip speed, (2) shear stress is only mildly 
influenced by gap variation for invariant field 
strength, and (3) the most suitable particle size seems 
to be in the 6 to 10 micron range. 

The thermal conductivity of all particle mixtures 
was found to be so poor as to constitute a serious ob- 
stacle to dissipation of heat generated within the 
clutch. Consequently, an alternate to the phenome- 
non of intrapowder shearing for producing forces was 
sought. Experiments then showed that with a non- 
magnetic clutch facing, shearing tends to be localized 
at the boundary between the face and the powder 
mixture. This surface shearing permits more favor- 
able heat transfer by generating heat close to easily 
cooled surfaces rather than within the insulating 
mixture. 

At present, studies are being made to determine the 
applicability of magnetic-particle clutches to light- 
weight, high-speed servomechanisms in sizes up to 10 
horsepower. Chief among the problems encountered 
in this application is that of cooling. 
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Idly AN is an astounding creature; positively daz- far worse world war, exactly as 2,500 years ago one 

ield M zling in his sudden achievements in some war led to another until, in an immense spiritual 

ems areas, and equally unexpected in his persistent emptiness, the glory that was Greece went down to 
failure in other areas. Consider the field of aeronautics destruction. 

ares alone. The first successful heavier-than-air, man- Why this amazing progress in the area of science 

ob- carrying flight took place less than half a century ago. and engineering, but almost none in the area of inter- 

the It lasted 12 seconds and leaped the breath-taking dis- personal relations? The difference can be neither 

me- tance of 120 feet. This is less than the wingspread of accidental nor incidental. 

was a modern transport airplane. Eight years later the There are those who will blame the scientists. Are 

on- first transcontinental flight took 59 days. In 1949 a jet they not the men who developed the theories which 

zed bomber flew across the continent in three hours and destroyed our old absolutes, who undermined our 

der | 45 minutes. We have now flown faster than the can- __ religious beliefs, who left us without a faith to live 

/or- non balls of the Civil War, circled the globe nonstop, by? It was they who convinced us that the earth is 

sily | and remained in the air for more than 1,000 hours. __ not solid, and the stars are not fixed, as we thought. 

ing All this was accomplished in a mere half century! Did they not invent the artillery, the submarine, the 

On the other hand, World War I, undertaken by us _ poison gas, the tank, the bombs, the proximity fuse, 

the | on the ground that it was a war to end wars and to __ the self-propelled weapons, and the as yet untried 

ht- | make the world safe for democracy, did not lead to _ biological warfare? 

10 the sweet, clear sunshine of everlasting peace for But why blame the scientists? Surely no man can 

red | which so many millions hoped. It led to the destruc- _ foresee to what good or evil purposes his research may 
tive climax and the awesome tragedy of a second and __ be put. Certainly Einstein was not thinking of the 
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their status as moral guides; that religion is supported 
and maintained only by the reactionary circles; that 
the Bible is considered “a collection of fantastic 
legends without any scientific support. i 

Many will claim our trouble arises from the unequal 
distribution of wealth among nations and individuals, 
If this is a sound premise then we are indeed in a 
sorry plight, for it is physically impossible to equalize 
natural resources and favorab‘e climates in all parts 
of the world. It is equally impossible to endow all 
men with identical abilities. There will always be 
those who have and those who have not. 

Fortunately there has never been any correlation 
between the possession of property and the capacity 
for peacefulness. Furthermore, the wealth of America, 
for example, does not lie in such things as the forests 
of Oregon, the iron ore of Michigan, the coal of Penn- 
sylvania, and the oil of Texas. China, too, has raw 
materials. Our bountiful economy is dependent upon 
our railroads, our power plants, our textile mills, our 
farm machinery, our chemical industry, and our as- 
sembly lines. These, in turn, depend upon our ability 
to work together, and upon the country’s store of sci- 
entific knowledge. Most particularly they depend 
upon the philosophy behind our working together 
and behind our science. Philosophy is an effort to 
achieve a theory about wisdom. Knowledge without 
philosophy is only undigested information. 

But why this terrifying lag between science and 
morality? What kee ps involving us in such destruc- 


Here, then, are the two basic philosophies . .. that of finding the true nature of things 


atomic bomb when he worked out his equation for the 
transfo:mation of energy. But when he told Franklin 
D. Roosevelt, 35 years later, that the equation demon- 
strated the possibility of atomic fission, he was defi- 
nitely involved in the development of the bomb, as 
were the scientists who carried out the actual design 
and construction. However, to blame the American 
scientists for beating the others to the draw is not only 
muddy minded and uncritical; it is dishonest. Are the 
rest of us piously to wipe our mouths saying, “Lord, 
we did not eat”? 

There are those who will blame the politicians. Did 
they not dupe us with secret treaties; endeavor to 
steal kingdoms where poor men steal bread; connive 
with businessmen to preserve privilege, pelf, and per- 
sonal power through cartels, through taxing away the 
savings of the thrifty to use in the enticement of the 
more numerous incompetent? In some countries they 
gained power through the knout, the lash, and the 
more obvious confiscation of property. On the other 
hand, if the people wanted better leaders, does not 
history shout that they could start a political avalanche 
that would take out the dead trees and send the ob- 
structive rocks leaping? 

A few may even blame the clergy. Have they not 
held resolutely to discarded beliefs; denied our inborn 
goodness; made religion a mystery rather than a 
search for truth; promoted group hatred by insisting 
that only the particular sect to which they happened 
to belong possessed a direct, authentic pipeline to the 
throne of God? Yet one hears that the clergy are losing 
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tive upheavals? When the apple cart has been upset, 
discovering the cause of the catastrophe may have 
greater significance for the future than what the cart 
contained when it was overturned, or, for that matter, 
how to salvage what remains of the spilled contents. 

What gets us into all this trouble? Clearly not our 
inescapable dependency on nature, for science and 
engineering have made this dependency increasingly 
secure and productive. Science and engineering 
have given us, in the short space of 300 years, un- 
dreamed of progress in the fields of transportation, 
communication, agriculture, medicine, clothing, hous- 
ing, and manufacturing. No longer need we fear 
starvation or death from exposure. It is not our ines- 
capable dependency on nature which bedevils us; it is 
our inescapable dependency on each other. This is 
still both frightening and insecure. 

Here is an area in which the scientist, the politician, 
and the clergyman have so far contributed little of 
effective, practical value. Destructive conflicts be- 
tween men are world-wide. Most of the people of 
the earth want peace, but do not know how to live 
and work together. Consequently, they are confronted 
by the threat of a destructive exploitation of science 
which may destroy civilization, and perhaps even 
humanity itself. 

A consideration of the unquestioned success which 
science has achieved in solving the problems of our 
dependency on nature suggests two questions: why 
has the scientist been so successful in his professional 
field; and how has our approach to interpersonal re- 
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lations — from the family to the nations — differed 
from our approach to nature? 

Why has the scientist been so successful? Because 
he has a self-correcting philosophy of continually 
searching for more truth, through reason, and with 
integrity. He has devised the most amazing procedure 
ever followed for i increasing knowledge. His method is 
to begin with the systematic investigation of a small 
area. This is done by carefully planned, honest experi- 
ments and the honest analysis of their results. These 
gradually widen in scope as his knowledge increases. 
He recognizes and carefully labels all assumptions. 
He accepts as true only those results which are exact, 
objectively measurable, and re ‘liably repeatable. 

All this is not merely a consequence of his method; 
it is essentially a consequence of the phi’ osophy which 
brought that method about. This is a philosophy 
which insists that all conclusions are tentative, not 
ultimate. The scientist knows his postulates are only 
probabilities. He recognizes that the best any gen- 
eration can do is to add a little to the series of approxi- 
mations by which knowledge comes closer and closer 
to the whole truth as more and more is learned. He 
knows his formulas are only statistical averages, but 
he arrives at them by the most careful, objective 
measurements which can be made. Thus, the scientist 
has a constructive, self-correcting method because he 
has a self-correcting philosophy, comparatively free 
from the repetitive mistakes of dogmatic authority or 
of tradition. He is not endeavoring to conceal or to 


additional law not yet understood, exactly as the 
missionary can remove and replace his false teeth in 
accordance with procedures the cannibal does not yet 
comprehend. ; 

It is not merely well-tested and well-supported evi- 
dence which gives to the scientist his authority in a 
world of uncertainty; it is his own never-ending search 
for more completeness and more truth in his conclu- 
sions. In short, it is his self-correcting philosophy 
which has made the scientist's approach to our de- 
pendency on nature so successful. This, in turn, has 
given us confidence in his opinions. At the lowest 
level, science consists of the routine application of 
formulas. At the highest level, it consists of the dis- 
covery of the laws of the government of nature, 
arrived at by exact observation, creative reflection, 
and objective verification for truth. 

By this means, in the Twentieth Century, scientists 
have built higher, spanned farther, drilled deeper, and 
seen infinitely more in the heavens than man has ever 
done before. They have constructed single engines 
of more power than existed in the whole mechanical 
world in 1800. Even today, every community still has 
citizens who can remember when Louis Pasteur dis- 
covered the existence of germs; when the farthest 
distance the human voice could be heard was limited 
by what “a good pair of lungs could do in a favoring 
wind”; when most houses were lighted by kerosene 
lamps; and when there was no such thing as an auto- 
mobile, or for that matter, a trolley car. 


... on the other hand, the philosophy of domination — by enticement or even coercion. 


suppress ideas contrary to his own; he is seeking truth 

no matter what old concepts must be abandoned. Of 

all the professions, science is almost alone in this 
capacity continually to reform itself from within. 

As a result, when a scientist says something he is 
believed in a way no lawyer, no executive, no politi- 
cian, and no clergyman is ever believed, for he is be- 
lieved around the world! He is not repeating the 
preachments of 1,000 years ago. He is not relying on 
some legal precedent. He is not trying to prove himself 
right. Indeed, he is the very first to try to prove him- 
self wrong. He is trying to find truth, based on ob- 
jective facts which any competent person can check. 

The most rational faith in the world is his faith that 
the laws of the government of nature can be utterly 
relied on. In everyday life “no parking” signs do not 
always mean that there shall be no parking. Neither 
does the commandment, “Thou shalt not kill,” guar- 
antee that life may not be destroyed. But the philos- 
ophy of the scientist is firmly rooted in the belief that 
it is impossible to break the laws of nature because 
the laws of nature always operate, and operate con- 
sistently. It is foolish to talk about some action being 
against God’s law, for the laws of the government of 
nature cannot be broken. Force is always equal to the 
time rate of change of momentum. Poison will always 
poison. Stealing will always be followed by a loss of 
self- respect, whether anyone else finds out or not. Any 
seeming exception to re laws of God is due either 
to an incomplete er of the law, or due 
to changed circumstances and the operation of some 
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The second question suggested by the success of 


science is: How has our approach to the problems of 
human relations differed from our approach to the 
problems of nature? Despite ages of experience our 
dependence on each other has remained insecure and 
terrifying. Results in the social sciences have been 
vastly different than those in the physical sciences. 
Is it unreasonable to suppose that the method has 
been equally different? Perhaps here lies a clue. 

Surely the true foundations of constructive politics 
and righteous religion are as unfailingly dependable 
as those of physics or chemistry. Instead of recogniz- 
ing Our assumptions in these areas, examining hon- 
estly and critically what our experience dows. we 
have stopped w ith prejudice and dogma. Here, we do 
not yet have a self-correcting philosophy of experi- 
ment, examination, and critical revision in the light 
of truth, approached through reason, and with in- 
tegrity. As a result we still destroy each other as 
blindly as the Greeks destroyed their civilization when 
Pericles shouted, “The honor of the state is at stake!” 
What price false honor! Why should it be more diffi- 
cult to live co-operatively than to die under duress in 
conflict? 

It has already been suggested that it is unrealistic 
to blame the political leaders while absolving the 
population from responsibility. If the diplomats of the 
United Nations should honestly try to find the best 
impartial solutions to our international differences, 
their constituents would rise against them with the 
cry, “You sold us down river.” This is no self-correct- 


ing procedure. Nevertheless, the happiness as well 
as the wealth of the world lies in the application of 
a self-correcting philosophy. 





Raymond E. Hanson 
There is no other road by which to achieve freedom to work 
together co-operatively. 
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In human relations most of us have been consistent 
in our efforts to dominate: by coercion when we felt 
strong, by enticement when we felt weak. We are 
political, not scientific, in our interpersonal philos- 
ophy. The technique of the politician (not to be con- 
fused with the statesman) — be he in the home, the 
school, the factory, the sanctuary, or in the govern- 
ment—employs both enticement and _ coercion. 
It is a simple technique which has been amazingly 
successful for thousands of years. Essentially the steps 
in the dictator’s philosophy are: 


1. You have been cheated by other leaders and only 
I can save you. Follow me. 


Now that you have chosen to follow me you can 
Poss: on me. 
You are dependent on me. 


4. Because you are dependent on me you must do 
as I say. 


Thus do those who want someone to take care of 
them find a shepherd. But when the fences are tight 
and the wool is long, they will — be shorn. 

“Scare ‘em,” said Huey P. Long, lifting the dark 
veil that usually covers the hypocrisies of his kind, 

“Scare ‘em enough, then sell ’em the idea you know 
the way out, and they'll follow you through Hell or 
come Mond: Ly. ’ Distort the facts. Chill men’s brains 
with fear. Then you can lead people anywhere. 
Sooner or later, and usually once more muddying the 
argument with emotional nonessentials, someone else 
arises to begin all over, “You have been cheated and 
only I can save you.” 

Johann Wolfgang von Goethe translated this into 
a penetrating story when he wrote Faust. The old 
doctor was a scientist who understood the methods of 
science but not its philosophy. Had he understood its 
philosophy he would have looked into his own be- 
havior for the causes of his unhappiness instead of 
allowing himself to be enticed into trying to buy 
supernatural solutions. What fathomless contempt 
Satan must have had for Faust, whose discouragement 
and sense of futility made him wretched enough to be 
willing to sell his soul. 

Mephisto: Very good. I am able to satisfy your desires. 

Faust: And what must I give you in re ‘turn? 

Mephisto: Almost nothing. Here, I am at your service, 
but below you are at mine. 

Faust: Below? 

Mephisto: Below. Come, sign. What! Your hand trem- 
bles? What does it take for you to decide? Feminine 
youth appeals to you; look! 

(Scene opens disclosing Marguerite spinning) 

The moral poison here is obvious. It would, of 
course, be unthinkable to compare the procedure with 
exhortations which say in effect, “How are you to be 
rewarded? Here you are to be at my service, but above 
I will be at yours.” The point is that instead of recog- 
nizing assumptions and unceasingly endeavoring to 
get at the truth in human relations, as the scientist 
has learned to do with his materials, we have en- 
deavored to dominate and to exploit each other. There 
is no area of interpersonal contacts in which we have 
not been guilty to some degree. 

(Continued on page 162) 
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Bacteriology at M.I.T. 


A Pioneering Course at the Institute 


Has Made Significant Contributions to Public Health 


By MURRAY P. HORWOOD 


ceived its charter from the State legislature on 

April 10, 1861. The intervention of the Civil 
War, however, made it impossible for M.I.T. to open 
its doors as an educational institution until 1865. 
Karl T. Compton, former President of M.I.T. and now 
chairman of the M.I.T. Corporation, has reviewed 
this early period in the history of M.I.T. in the fol- 
lowing words: 

“With a lively and prophetic vision of the part 
that science was capable of playing in advancing 
human welfare, William Barton Rogers (1804-1882), 
geologist and natural philosopher of the University 
of Virginia, planned and worked for nearly a dec ade 
prior to the Civil War for the establishment of a 
great institute of technology. He selected Boston as 
the most advantageous location because, as he said, 
‘Ever since I have known something of the knowl- 
edge-seeking spirit and the intellectual capabilities 
of the community in and around Boston, I have felt 
that it was the one most certain to derive the highest 
benefits from a polytechnic institution. The occupa- 
tions and interests of the great mass of the people 
are immediately connected with the applications of 
physical science, and their quick intelligence has al- 
ready impressed them with just ideas of the value 
of scientific teaching in their daily pursuits.’ 

M.I.T. pioneered in extending the laboratory 
method of instruction as an indispensable technique. 
Starting in rented rooms with a total of 15 students, 
the Institute has grown, until in 1951, the student 
body numbered approximately 5,000 including 470 
students from 59 foreign countries. A total of 252 
American colleges and universities and 121 foreign 
institutions were represented. The graduate student 
enrollment alone numbered 1,675. The teaching staff 
in 1950-1951 was made up of 1,376 members of 
whom 436 were of faculty rank. 

It will be recalled that the early years in the 
history of M.I.T. coincided with the epoch-making 
discoveries of Pasteur and Koch in microbiology. 
Pasteur established the germ theory of fermentation 
in 1860 and Koch, the germ theory of animal disease, 
in 1876. In 1871, the famous Course VII at M.LT. 
was organized as the Department of Natural History. 
This name was changed to the Department of 
Biology in 1883, and to the Department of Biology 
and Public Health in 1911. At first, particular em- 
phasis was placed on the study of botany as affording 
the proper and natural introduction to the study 
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of biology, zoology, and paleontology. The facilities 
of the Boston Society of Natural History were made 
available to students from M.I.T. for instruction in 
these subjects as well as in other branches of natural 
science. Botany was emphasized at M.L.T. at this 
time as being the science best calculated to train 
the mind for ‘lees observation, accurate description, 
and systematic classification. 

After being graduated from the Sheffield Scientific 
School at Yale, Professor William T. Sedgwick, the 
founder of the Department of Biology and Public 
Health at M.LT. and the first President of the Society 
of American Bacteriologists, came to M.LT. from the 
Johns Hopkins University in 1883 as assistant profes- 
sor of biology. This Department, destined to remain 
relatively small in a school that was to become one 
of the leading educational and research institutions 
in science and engineering, has played a very signifi- 

cant and pioneering role in general and sanitary 
bacteriology, in industrial biology, and in food tech- 
nology. It has contributed four past presidents of 
the Society of American Bacteriologists : Professor 
Sedgwick, Edwin O. Jordan, ’88, Samuel C. Prescott, 
"94, “and Charles-Edward A. Winslow, ’98. It has 
made fundamental contributions to the bacteriology 
of air, water, milk, sewage, and foods and their 
sanitary applications. It has pioneered in commercial 
canning, in disinfection, in food processing, and in 
the use of specific microorganisms for the production 
of organic solvents and other end products of indus- 
trial value. It has played an important role in the 
thrilling expansion and evolution of the American 
Public Health Association and in the organization 
and development of the Institute of Food Technolo- 
gists. Its students were also intimately involved in 
the pioneer and far-reaching work of the Lawrence 
Sewage Experiment Station. The Department of 
Biology emphasized the relationship of water and 
milk to the dissemination of disease, and from the 
earliest stages of the modern program in sanitary 
science, it was an ardent and convincing champion 
of water purification, water sanitation and disinfec- 
tion, milk sanitation, pasteurization, food sanitation, 
the prevention of food infections, refrigeration, per- 
sonal and community cleanliness, and all aspects 
of the applications of evolving bacteriology to per- 
sonal and community health. 

The Department of Biology which Professor Sedg- 
wick organized in 1883 had two options: one in 
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William T. Sedgwick 
‘ . founder of the Department of 
Biology and Public Health at M.I.T. 
and first president of the Society of 
American Bacteriologists 


of medicine. As early as 1883, Professor Sedgwick 
offered a course in bacteriology entitled “Germs and 
Germicides.” It is difficult for us in 1953 to realize 
how progressive a step this represented. The year 
1882 was really at the dawn of a new era and every- 
one was not convinced yet of the relationship of 
germs to infection and disease, not even some who 
were affiliated with leading medical schools at the 
time. 

In a minute on the late Dr. Alfred Worcester, for- 
mer Professor of Hygiene at Harvard University, 
which appeared in the Harvard University Gazette 
(Volume 47, No. 18, January 26, 1952), and which 
was prepared by A. Chester Hanford, Delmar Leigh- 
ton, Dr. Reginald Fitz, ’05, and Dr. Arlie V. Bock, the 
following statement appears: 

“His reminiscences contain a grim picture of the 
state of medical education in the early eighties 
in which only the lectures by a few excellent men 
commanded his admiration in retrospect. The only 
mention of the bacterial origin of disease which 
he heard in the Medical School came from a surgeon 
who announced that ‘those who so wish may believe 
it. I do not.’ I used to regret the small amount of 
medical education I had received, Dr. Worcester 
commented, but in later years I began to rejoice 
that I did not have such a load to forget as over- 
burdened my better educated colleagues.” 

Unquestionably written by Professor Sedgwick, 
the M.I.T. Catalogue, in 1884, carried the following 
statement concerning the new Course in Biology 
which was being offered as excellent preparation for 
medicine: “The recent remarkable development of 
the biological sciences, and especially the applica- 
tions of physics and chemistry to physiology, have 
led to the establishment of a course of study in which 
biology is a prominent feature. Aside from the 
subjects pertaining to a general scientific education, 
and shared with other courses of the school, the 
biological student becomes familiar with the anatomy 
and physiology of normal living things — a familiarity 
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Charles-Edward A. Winslow,’98 
. . leader in bacteriology and public 
health at M.1.T., College of the City of 
New York, and Yale University, re- 
spectively 


Fortune 





Samuel C, Prescott,’94 

. Head of the Department of Bi- 

ology and Public Health, 1922-1942, 

Dean of Science, 1932-1942; founder, 
Institute of Food Technologists 


which is of inestimable value in the study of disease. 
Equally important is that education of the hand and 
eye, and that mental habit which comes only from 
constant use of the microscope, the scalpel and in- 
struments of precision. At first, therefore, are studied 
such forms as yeast, amoeba, moulds, and bacteria, 
etc.” In 1886, Professor Sedgwick offered a course 
in Hygiene and Public Health. In 1887, the name of 
this course was changed to Sanitary Science; and 
later to Principles of Sanitary Science and Public 
Health —a course that became both popular and 
famous. Bacteriology was listed as a separate subject 
in the second term of the fourth year for students 
in Biology in the Catalogue for 1888-1889, and stu- 
dents in Sanitary Engineering were also required to 
attend. During the first term of the third year, Pro- 
fessor Sedgwick also offered to students in Biology 
a course entitled “Biology of Microorganisms” which 
consisted of lectures, recitations, and laboratory work 
and which met for 10 hours a week for 15 weeks. 
Among Professor Sedgwick’s early students were: 
Edwin O. Jordan, ’88, Greenleaf R. Tucker, ’87, Sid- 
ney R. Bartlett, 87, George C. Whipple, ’89, George 
W. Fuller, 90, John L. Batchelder, ’90, George V. 


McLauthlin, 88, Severance Burrage, 92, Albert P.. 


Mathews, ’92, Gary N. Calkins, ’90, Simeon C. Keith, 
Jr., ‘93, and Daniel D. Jackson, ’93. A little later, his 
students included: Samuel C. Prescott, 94, Horatio 
N. Parker, 94, Charles Gilman Hyde, ’96, Charles- 
Edward A. Winslow, 98, Burt R. Rickards, ’99, 
Arthur I. Kendall, 00, and Edith A. Beckler, ’02. 
Industrial Biology, as a separate course, made its 
appearance in the Catalogue in 1896 and was given 
by Sedgwick and Keith. Keith was a special lecturer 
in the Department, and there is reason to believe 
that instruction in Industrial Biology was given by 
Professor Prescott as early as 1895-1896, even though 
the course was not listed as such at that time. Bac- 
teriology, fermentations, and sanitary science were 
being emphasized in the training which the Biology 
Department provided, while Industrial Biology 
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A portion of the William 
Thompson Sedgwick Lab- 
oratories of Sanitary Science 
devoted to instruction as 
well as to research. These fa- 
cilities in Building 1 were 
created in 1945, and the 
laboratories are named for 
Professor Sedgwick who 
founded the Department of 
Biology and Public Health at 
the Institute. 


M.1.T. Photo 


dealt with the applications of microbiology to dairy- 
ing, vinegar making, and food preservation. The 
bacteriology of water and sewage was also being 
emphasized, and in 1896 instruction in bacteriology 
was being given by Sedgwick and Prescott. In 1897 
Prescott assumed major responsibility for instruction 
in bacteriology, a responsibility which he exercised 
for at least 20 years. The two major courses in bac- 
teriology were in General and Sanitary Bacteriology. 
In 1917, Murray P. Horwood, ’16, took over the re- 
sponsibility for these two courses — a duty which he 
performed until the Department of Biology and 
Public Health was dissolved in 1944. 

The history of bacteriology at M.I.T. can be 
divided logically into three eras: the Sedgwick era; 
the Prescott era; and a third which is also divided 
into three parts — one in sanitary bacteriology, pre- 
sided over by Professor Murray P. Horwood, 16; 
a second, in food technology, presided over by Pro- 
fessor Bernard E. Proctor, ’23, and Cecil G. Dunn, ’30, 
Associate Professor of Industrial Microbiology; and 
a third dealing with the biophysics and biochemistry 
of microorganisms presided over by Professor Francis 
O. Schmitt, Bernard S. Gould, ’32, Associate Professor 
of Biochemistry, George T. Johnson, Assistant Pro- 
fessor of Botany, Irwin W. Sizer, Associate Professor 
of Physiology, and the late Professor John R. Loof- 
bourow. 

Professor Sedgwick’s era emphasized general and 
sanitary bacteriology, and during his administra- 
tion many notable contributions to bacteriology, 
sanitary science, and the public health were made. 
In 1898, Winslow's thesis was “On the Degree of 
Bacterial Purification of Water Effected by Freezing, 
with Special Reference to the Bacillus of Typhoid 
Fever, and the Purity of Public Ice Supplies.” Wins- 
low was soon to be associated with the teaching of 
the Bacteriology of Water and Sewage and with the 
operation of the M.I.T. Sanitary Research Laboratory 
and Sewage Experiment Station. He also initiated a 
course in Municipal Laboratory Methods in 1904. 
This course was devoted to the laboratory diagnosis 
of disease as well as to the testing of disinfectants, 
the identification of mosquitoes and the sanitary 
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unalysis of water, ice, ice cream, milk, and various 
fomi.es handled by school children suffering from 
communicable disease. Dr. Francis H. Slack, long 
associated with the Bacteriology Laboratory of the 
Boston Health Department, began his affiliation with 
M.I.T. in 1909 as a lecturer in Public Health Labora- 
tory Practice, and subsequently assumed full respon- 
sibility for excellent and thorough courses in Public 
Health Laboratory Methods and in Immunological 
Methods. He retained his part-time affiliation with 
the Department of Biology and Public Health until 
his death in 1932. In 1910, Winslow left M.I.T. to 
take up his work in bacteriology and public health 
at the College of the City of New York and to blaze 
a trail which has resulted in a brilliant and distin- 
guished career. 

The Department of Biology at M.I.T. became the 
Department of Biology and Public Health in 1911 
owing to the growing importance of public health 
as an application of biology and bacteriology. A new 
course in Advanced Bacteriology was now offered 
for the first time which dealt with difficult points of 
bacteriologic technique, the metabolism of the ni- 
trogen, sulphur, iron, photogenic and other special 
forms of bacteria; with the theories of immunity and 
disinfection; with bacterial classification, symbiosis 
and other problems of current theoretical and scien- 
tific interest in bacteriology. The program of the 
Department was expanded to deal with industrial 
microbiology, dairy bacteriology, bacteriology of the 
fermentation industries, epidemiology, zymology, 
parasitology, industrial biology, and so on. ; 

Professor Sedgwick died in 1921 and was suc- 
ceeded as Head of the Department of Biology and 
Public Health by Samuel C. Prescott, 94 (now Pro- 
fessor of Industrial Biology, Emeritus). While prepa- 
ration for work in public health continued to be an 
important part of the Department program until 
1944, more and more emphasis was placed on indus- 
trial biology and on food technology. Financial as- 
sistance for research in food technology became 
available and it was natural that the departmental 
program should develop at an accelerated pace in 
that direction. The 1926 Catalogue contains a state- 
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ment pertaining to bacteriology and its applications, 
which was prepared by Professor Prescott. It is re- 
corded here because of its excellent quality and 
farseeing significance: 

















































Biology in a broad sense includes those sciences dealing 
with the study and control of living things, both plants 
and animals, from the invisible microbe to man himself. 
Our food supply, clothing, leather, timber and paper are 

roducts of biological activity, and the great problems 
of the health of communities through sanitation and the 
control of diseases are questions of biology. Great indus- 
tries have been built through the applications of biologi- 
cal knowledge and the products of these industries 
amount to billions of dollars annually. Pasteur’s work led 
to the development of the new science of Bacteriology 
which has revolutionized medicine and sanitation and led 
to the development of new industries. This opened a new 
and important era in science, the era of Applied Biology, 
including Industrial Biology and Food Technology. 

Few realize that the industries involving the prepara- 
tion and manufacture of foods and kindred products from 
crops and other raw materials stand in first place, and 
exceed in value of product the iron and steel industry, or 
automobiles or the textile industry. Food supply is a vast 
biological and industrial problem. City dwellers are not 
only dependent on the country districts for food, but the 
food must be handled, transported and protected from 
decay or spoilage, or great economic losses may result. 
England raises less than one half of her required food, 
and our crowded Eastern states are in a similar position. 
Thus there have grown up great food industries involving 
many processes and —_— problems in biology and bac- 
teriology. These include the huge canning industry, 
slaughtering, refrigeration and cold storage, drying or 
dehydration, and the bakery, milk supply and other dairy 
industries. Over 75 per cent of the bread used in the 
U.S.A. is a factory product and our whole problem of food 
supply is rapidly Lesonien an industrial one. Although 
great progress has been made in the arts of food manu- 
facture and conservation, food technology is still in its 
infancy, and the possibilities of the future seem limitless. 

With the advance of knowledge pertaining to micro- 
biology, biochemistry and enzymes, new and important 
processes in which the organisms are utilized have been 
developed in the Fermentation and Biochemical Indus- 
tries. Among these are the production of glycerin, indus- 
trial alcohol, butyl alcohol and acetone by fermentation, 
the manufacture of acids and other products used in the 
tanning and textile industries, and the preparation of 
vaccines, antitoxins, extracts and other substances used 
in the protection of man and the lower animals against 
infectious diseases. New food products of great value may 
also be made by the use and control of enzymes. 


A modern research laboratory in sanitary bacteriology at the 


Institute is shown below. 
M.1.T. Photo 
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During the war, a vast demand for rubber was created. 
It could be prepared artificially if adequate amounts of 
certain solvents were available. Bacteriologists found 
methods of obtaining them by fermentation a cheap ma- 
terials by bacteria, and thus developed a great butyl alco- 
hol industry which has since grown to large proportions, 
and has made possible the Duco finish for automobiles, 
improved film for moving pictures, better lacquers and a 
rapidly increasing number of new technical products, 
This is but one of a number of new processes, some of 
which have been developed at the Institute, which have 
ery commercial possibilities. In this new and growing 
eld of biochemical research, there is rich promise of 
future reward not only in the production of solvents, but 
in the tanning, fibre, rubber and timber preserving in- 
dustries. 


Marshall W. Jennison (later, Associate Professor of 
Bacteriology) joined the staff of the Department 
of Biology and Public Health in 1927 following his 
graduation from M.I.T. the same year. His early 
work dealt with mildew in cotton cloth. Later he 
studied the effect of temperature upon certain as- 
pects of bacterial growth curves; and later still he 
participated in the excellent studies on the high- 
speed photomicrographs of sneezing resulting from 
the common cold. He gave courses in bacteriology to 
students in chemistry and in sanitary engineering, 
and he was responsible for the courses in advanced 
bacteriology for the students in Biology. 

In 1932, Dr. Slack was succeeded by Dr. John W. 
Williams. He gave the courses in Public Health 
Laboratory Methods and in Immunological Methods. 
His research dealt primarily with the cultivation of 
bacteria and molds under anaerobic conditions and 
with the pathogenic fungi that invaded the skin, the 
hair, and the scalp. He retained his affiliation with 
the Department until 1944 when the public health 
program was abandoned. 

The laboratory facilities in bacteriology were very 
simple and limited at first, although reasonably satis- 
factory provision was made even in the earliest days 
for microscopes, incubators, and the normal para- 
phernalia of the laboratory. With the establishment 
of M.I.T. at its present location in 1916, spacious 
laboratories, more adequately equipped than ever 
before, became available. With the passage of time, 
newer, better and more highly specialized equip- 
ment became available, made possible very largely 
through grants-in-aid of research. In 1932, Professor 
Prescott reported that “the working equipment of the 
Department has been materially improved by exten- 
sive additions to the supply of high-grade micro- 
scopes, bacteriological apparatus, thermal couples 
for work in testing the efficiency of food sterilization, 
a high-speed centrifuge, a two-stage vacuum pump, 
and other special devices for class and research work. 
Thermostats of unusual sensitivity have been devel- 
oped by staff members and have made possible 
significant work on the thermal relations of micro- 
organisms. Special apparatus has also been con- 
structed for the prosecution of highly accurate work 
in biophysics and biochemistry and for the study of 
special fermentations and other processes of possible 
industrial significance.” In 1934, a quartz monochro- 

(Continued on page 173) 
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UCH has been written by Americans on the sub- 
M ject of English and American higher educa- 

tion, and the English have been at least 
equally interested in expositions and comparisons on 
the same topic. This article is being added to the list 
because my experience of the English system at Ox- 
ford University is perhaps different from that of most 
other Americans. With a strict technical background 
in America, and little contact with liberal arts sub- 
jects, other than personal reading, I proceeded to Ox- 
ford under a Rhodes Scholarship in 1950, and spent 
the following two years at Merton College “reading” 
Philosophy, Politics, and Economics for a bachelor of 
arts degree. With the background I had, truly much of 
what I studied was encountered for the first time, and 
for that reason my impressions may be somewhat dif- 
ferent from the impressions of those who had studied 
similar or related subjects previously. Hence, among 
readers of The Review there may be interest in an 
American’s reactions to, and impression of, the teach- 
ing methods, the subjects, and the university life at 
Oxford in general. 

As might be expected, the transition from M.L.T. to 
Oxford was rather violent; much more so than would 
be the transition to, say, Harvard or Yale. Matters 
weren't helped by my first trip to Merton College 
from the railroad station on the bicycle that I had 
brought with me. The bicycle trip was a matter of only 
about half a mile, but I managed to get caught in a 
sudden rainstorm while trying to balance three pieces 
of luggage on the bicycle, then tangled my trousers 
in the drive chain, and finally when I reached cover 
in the college was told by a minor official: “You're not 
allowed to park a bicycle there!” At this point, I was 
ready to head back to Cambridge, Mass., but al- 
though the rain in Oxford is not, shall we say, uncom- 
mon, the attitude of the people there is not at all ex- 
emplified by that first remark. In fact, quite the 
reverse is true, for the great majority of both students 
and faculty enjoy having Americans there and are 
friendly and helpful to them. 

The ‘physical ayout of the University is different 
from any American university, for Oxford is essen- 
tially composed of some 25 men’s colleges and six 
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The transition from M.1.T. to Oxford was made, in part, by bicycle trip 


through the rain and fog, with visibility of 10 yards. 


women’s colleges, each of which is almost an inde- 
pendent entity. The colleges have full control of liv- 
ing, general welfare, and most of the teaching, while 
the University has no students directly, but _ deals 
with research institutions, libraries, some necessary 
noncollege lectures, and examinations. Even the en- 
trance examinations are strictly the concern of the 
various colleges, with the University giving only the 
examinations for the degree. At times this decentral- 
ization works to great advantage for the students, for 
even the proctors (roughly parallel to university po- 
lice) have no jurisdiction on college grounds. To the 
proctors, the definition of an offense is a very broad 
one, such as being on the street after midnight, but 
once a student reaches the grounds of his college, he 
is perfectly safe and out of reach of the proctors. It 
pays to know the best and fastest ways over the col- 
lege walls. My college — Merton — was fortunately 
better than most, in terms of easy access over the walls 
after hours. 

Higher education in England and in the United 
States differs in a number of ways. A much smaller 
percentage of English youth go on to a university after 
secondary school than is the case in the United States; 
approximately 5 per cent as against 25 per cent in this 
country. This does not mean that the educational sys- 
tem is any less democratic, for I think it is fair to say 
that the English secondary education is considerably 
better than ours. The English obtain their rounded 
education (which is the goal of most of our undergrad- 
uate curriculums) in their secondary schools, and this 
is helped by the fact that, on the average, an English- 
man will be one or two years older than his American 
counterpart upon graduation from secondary school. 
Thus, instead of being forced to give students a smat- 
tering of many subjects, essentially the universities 
provide programs for specialization much as our grad- 
uate schools do. In many ways the parallel with our 
graduate schools is an apt one, for the caliber of teach- 
ing, the proficiency of the students, and even the per- 
centage of the total youth attending (about 5 per cent 
mal graduate school in the U. S.) approximate one 
another very closely. It is worth emphasizing that, be- 
cause only 5 per cent go to the university, and the 
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Rowing is a popular student activity where, as shown here, 
students are gathered at the boathouse of Merton College for 
an intramural race. 


students should then be really the “cream of the crop,” 
the level of instruction can be considerably above that 
prevalent in most undergraduate liberal arts colleges 
in this country. 

Certainly the most important part of the Oxford ed- 
ucational method, and that which was so different and 
stimulating to me, was the tutorial system that is used 
exclusively in the liberal arts and even for a good part 
of the sciences. The workings of the tutorial system 
are relatively simple: the student usually spends an 
hour a week with his tutor, and each week has re- 
sponsibility to prepare an essay (mine averaged about 
1,500 words) on the subject set by the tutor for that 
week. The subjects are designed to cover most of the 
syllabus that the student is expected to know for the 
series of examinations given in the space of one week 
at the end of the normal three-year residence. Inci- 
dentally, the student’s grades, and the awarding of the 
degree, depend upon his success in these examina- 
tions. These are the only examinations covering sub- 
jects of instruction that are required, although a set of 
qualifying examinations on many subjects is given 
two-thirds of the way through the first year. 
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Merton College was better than most 
bicycles. in terms of easy access over the walls. 
In my case, a course of study, entitled Philosophy, 
Politics, and Economics, but popularly called “Mod- 
ern Greats,” was followed. This course is rather un- 
usual because it consists of more than one major 
subject. It is of recent origin at Oxford and, in a way, is 
Oxford’s concession to modern conditions that de- 
mand a preparation for more than English or History 
alone. Even now, it is barely accepted, and is frowned 
on by many at the University. I had to prepare for 
eight examinations (two papers in each of the above 
subjects and two extra in Economics which I chose as 
a major study) and had a different tutor for each sub- 
ject (three in all). I had to complete the program in 
two years instead of three, and thus for each of the 
three terms a year, I studied for two of the papers. 
Sucha program required two tutorial sessions and two 
essays a week. At each tutorial conference the tutor 
would name the topic for the following week (for ex- 
ample, the “Mind and Body Controversy” in Philoso- 
phy) and suggest the reading for that topic. After 
doing the reading, I would write a paper that would 
cover the views of the modern philosophers that first 
raised the question, the comments and criticisms of 
later important philosophers, and my own opinions 
and ideas on the question. The volume of writing and 
reading that was required at first appeared rather 
staggering to me, and one of my tutors once remarked 
humorously (?) to the other tutors of the college that 
because I was a former scientist and an American at 
that, he wasn’t at all sure that I would be able to write. 
The results at least were better than that prediction. 
The advantages of the tutorial system of teaching 
quickly became evident. It enables a student to spend 
all of his time on one subject, without the disturbances 
inherent in dividing time between five or six different 
subjects. He can read exhaustively in the subject un- 
der discussion, and bring his knowledge together as a 
coherent whole when writing the essays. Thus, the 
two main objectives of an educational system — 
the ability to think, and a knowledge of the subject — 
are superbly achieved. I think that Oxford considers 
the first of those objectives (put in another way as the 
discipline of the mind) as the primary objective; but 
I am convinced there is no better way to learn mate- 
rial thoroughly. It doesn’t seem conceivable to me 
that I could have learned and retained as much as I 
did in two years under any other system of instruc- 
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tion. Starting with essentially no knowledge in most 
subjects studied, I believe I came away with a back- 

ound in arts subjects that could only have been at- 
tained under a course system in considerably more 
time and probably with less chance for retention. 

Very valuable in themselves are other incidental 
advantages of the tutorial system. One of the most im- 
portant is the close relations dev eloped between the 
tutor and his pupil. Each tutor would have at most 
about 10 to 15 students, so that (depending on the tu- 
tor and the student, of course) a very rewarding and 
stimulating relationship may be developed. Such fel- 
lowship is also helped by the fact that the tutor lives 
in the college or nearby, and spends most of the time 
there. With approximately 200 students in Merton 
College, the tutors and students live closely inte- 
grated lives. One further favorable characteristic of 
the tutorial system is the responsibility it places on 
the student, since the amount of work he does and 
what he gets out of it are, to a great extent, up to him. 
The immediate pressure of examinations is not pres- 
ent and there is no rule that essays must bea specific 
length. The result is that students feel that the work 
is their own, and do it because they like to, not be- 
cause they are forced to. The difference this attitude 
makes is marked and of great benefit to the caliber 
and value of the study. 

Although I think more is gained than lost, naturally 
there are disadvantages inherent in the system as 
well. For one thing, lectures become relatively di- 
vorced from the day-to-day studies. Thus, there is sel- 
dom the incentive of atte nding lectures to help with 
immediate work, and if one is pressed for time, it is 
hard to maintain attendance solely on the long-term- 
basis. As a general comment, the lectures at Oxford 
and their method of delivery were a disappointment 
to me. The European style of lectures is used, which 
means that the lecturer delivers his talk without any 
comment being made from the floor. The result is that 
the lecturer has no direct way of determining how 
well his thoughts are penetrating his audience. A bad 
lecturer will remain bad, while a good lecturer would 
have to be born that way; his ability appears to rest 
on pure luck. 
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The tutorial system also runs afoulef a problem that 
is acute in America and is becoming more serious in 
England: the shortage of faculty to handle the large 
numbers of students. Oxford has a higher ratio of fac- 
ulty to students than any American university, I am 
sure, and it is partly because of this that they are able 
to maintain this teaching method which, in a sense, 
uses teachers so uneconomically. 

A further disadvantage of the tutorial system is that 
the damage done by one bad tutor in Oxford can be 
much more serious than that done by one bad pro- 
fessor here. When a student's major contact is with 
only one person, a great deal depends on the caliber 
of that person. To this criticism it can be said that this 
danger is recognized and great care is taken in the 
selection of tutors. Certainly, I was highly impressed, 
almost universally, by the men that I came into con- 
tact with, although a few mistakes are made 
occasionally. 

So far, the tutorial system has been considered only 
in relation to liberal arts subjects. Attempts to apply it 
to a science curriculum, however, are not so success- 
ful, I believe, for here, perhaps, the student is left too 
much “on his own.” It is usually so very much easier to 
learn technical subjects from a closely co-ordinated 
lecture class and study program, that studying alone 
becomes time consuming and highly inefficient. The 
same cannot be said of the arts programs, probably 
because there,one deals with an inexact subject that 
must be attagked intensively and so extensively that 
a great deal of reading must be done whether or not 
there also are lectures. The study of any arts subject 
cannot be condensed into one book, mainly because 
it is impossible for one person to write an exhaustive 
and comprehensive book. A specific technical subject 
can be so condensed and can be comprehensively 
treated. Arts subjects need interpretation, discussion, 
and many opinions, to a degree that most technical 
subjects do not require. I should add, however, that 
learning science under a tutorial system does appear 
to train a student for more original thought than our 
course system usually does. This is borne out by the 
very high grade of basic research done in England 
(Continued on page 176) 
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Among the New Registrants 


EMBERS Of the largest class ever to register at 
M M.L.T. included 48 whose parents are Alumni 

of the Institute. Of the 945 freshmen enrolled 
last September, this group of 48 is within one of 
matching the high of 49 from the alumni ranks in the 
1948 registration. Technology’s curriculum holds in- 
terest not only to young men but to young women, as 
well, as we note the names of the Misses Disario of 
Caracas, Drew of Ossining, N.Y., and Wahl of Chi- 
cago, in the following list: 


Student 


Arthur E. Albert 
Philip W. Almquist 
Charles W. Bacon 
Donald W. Barnby 
John R. Blackmer 
Lawrence W. Blodgett 
Robert S. Borghesani 
John C. Cardinal 
Manuel! R. Castellanos 
Ronald C. Clark 
Samuel M. Cluett 
Stephen N. Cohen 
John C. Congdon 
John E. Cotter 
Edward J. Devlin 
Caroline M. Disario 
Ralph D. Dopmeyer 
James McC. Dougherty 
James W. Dow 
Emilie Drew 

David F. du Pont 


Parent 


Sidney G. Albert, ’29 
Frederick O. A. Almquist, ’23 
Charles B. Bacon, ’29 
Herbert A. Barnby, ’23 
Franklin H. Blackmer, ’20 
Emmons W. Blodgett, ’24 
William H. Borghesani, ’26 
Paul J. Cardinal, ’24 
Manuel R. Castellanos, ’27 
Waldo B. Clark, 719 
Gorham Cluett, 733 
George Cohen, ’26 
Howard W. Congdon, ’09 
Edward J. Cotter, 34 
Edward J. Devlin, ’24 
Gabriel M. Disario, ’28 
Arthur L. Dopmeyer, ’20 
Isaac Dougherty, ’21 
Melvin C. Dow, ’26 
Thomas B. Drew, ’23 
Lammot du Pont, ’01 
(deceased) 
Freeman H. Dyke, ’20 
George P. Edmonds, ’26 
Franklin T. Flaherty, ’21 
Bion H. Francis, ’29 
Harry Green, ’23 
Charles R. Greene, ’29 
B. Sumner Gruzen, ’26 
G. Warren Hamblet, ’26 
Robert W. Hart, ’24 
Merwin L. Hathaway, ‘26 
Harold L, Hazen, ‘24 
Barrett G. Hindes, ’22 
Edgar Horton, ’24 
J. Rowland Hotchkin, ’21 
Robert M. Kimball, ’33 
Robert H. Lawson, ’24 
Richard V. McKay, ’06 
Hector A. Moineau, ’27 
Winslow C. Morse, ’22 
Leonard C. Peskin, ’29 
Otmar Praznik, ’27 
John F. Reynders, '28 
John S. Saloma, ’29 
Max J. Steinberg, ’22 
Henry C. Stillman, ’21 
Arnold S. Wahl, ’13 
James J. Wolfson, ’20 


Peter D. Dyke 
Andrew W. Edmonds 
Franklin T. Flaherty, Jr. 
Bion H. Francis, Jr. 
Charles D. Green 
Charles R. Greene, Jr. 
Jordan L. Gruzen 
James E. Hamblet 
Stanley R. Hart 
Jonathan H. Hathaway 
Nathan L. Hazen 
Peter C. Hindes 
William E. Horton 
William F. Hotchkin 
Philip P. Kimball 
Walter R. Lawson 
Thomas W. McKay 
Edward J. Moineau 
David C. Morse 
Richard L. Peskin 
Anthony Praznik 
John R. Reynders 
John S. Saloma, 3d 
George N. Steinberg 
James D. Stillman 
Rosemarie Wahl 
Daniel J. Wolfson 
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Air Science and Tactics 


HE appointment of Colonel Glenn C. Coleman, 

U.S.A.F., as Head of the Department of Air Sci- 
ence and Tactics at the Institute, has been announced 
by John E. Burchard, ’23, Dean of M.I.T.’s School of 
Humanities and Social Studies. A graduate of the 
United States Military Academy in 1938, Colonel 
Coleman has had a distinguished career with both the 
Army and the Air Force. He holds the Legion of 
Merit, the Bronze Star, and the Croix de guerre. 

During World War II he served as executive to the 
Signal Officer of the 8th Air Force from 1942 to 1944 
when he was assigned to the XIX Tactical Air Com- 
mand with the responsibility of preparing signal 
plans for that unit’s part in the invasion. 

After the end of hostilities in Europe, Colonel Cole- 
man was assigned as signal officer with the 5th 
Fighter Command in the Philippines and later in 
Okinawa where he served until the Japanese capitu- 
lated. Following duty in the Pacific, Colonel Coleman 
returned to the United States to direct communica- 
tions for units in the Strategic and Tactical Air Com- 
mands, and in 1946 joined the Task Group 1.5 which 
conducted the first full-scale atomic tests on Kwajalein 
and Eniwetok. 

In 1947 Colonel Coleman entered the Graduate 
School of the University of Illinois where he received 
the degree of master of science in electrical engineer- 
ing in June, 1949. He was then appointed deputy 
commander of the Cambridge Research Center where 
the Air Force conducts its primary research in elec- 
tronics and geophysics. 

In December, 1950, Colonel Coleman undertook a 
special mission to Korea to study equipment evalua- 
tion and requirements in the fie Id. 


Popular Science Lectures 


OCKHART B. Rocers, Associate Professor of Chem- 
} istry at M.I.T., delivered the first of the 1952-1953 


Popular Science Lectures, sponsored by the Society - 


of Arts at the Institute, on December 14. The title of 
his address was “Analysis, the Key to Chemistry.” 

The Popular Science Lectures are presented in 
Huntington Hall (Room 10-250) at the Institute on 
Sunday afternoons at four o'clock. The balance of the 
program includes the following addresses: “Aero- 
elasticity and Plane Design” by Raymond L. Bispling- 
hoff, Associate Professor of Aeronautical Engineering, 
on January 18; “Billion Volt Accelerators” by M. 
Stanley Livingston, Associate Professor of Physics, 
on February 15; and “Mechanical Vibrations — Their 
Control” by Jacob P. Den Hartog, Professor of Me- 
chanical Engineering, on March 22. 

Tickets for the lectures may be obtained free of 
charge by sending a request to the Society of Arts, 
Room 4-434, M.I.T. 
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For Human Behavior Studies 


LEX BAVELAS, "48, Associate Professor of Psy- 
A chology in the Department of Economics and 
Social Science at the Institute, is one of 45 scholars 
who have been awarded grants of $5,500 each by 
the Ford Foundation. The grants will be used for 
research in fields related to human behavior, and 
Dr. Bavelas will apply his grant to studies of the 
psychology of communication. 

The grants, which total $247,500, represent an 
important part of the program of the Foundation’s 
Behavioral Sciences Division to “support scientific 
activities designed to increase knowledge of factors 
which influence or determine human conduct.” This 
is one of the five general areas of activity assigned 
to the Foundation by its trustees; the other four are 
the advancement of peace, education, democratic 
institutions, and economic stability. 

The 45 grants went to faculty members of 15 uni- 
versities in the United States. Specialized fields 
represented are anthropology, business administra- 
tion, economics, education, history, political science, 
psychology, and sociology. Some of those:,who re- 
ceived awards are acknowledge d leaders in their 
fields, and the others are promising young scholars. 
The Ford Foundation made its selections for these 
awards on the basis of recommendations submitted 
by a committee of leaders in the broad field of the 
behavioral sciences. Dr. Bavelas was born in 
Chicopee, Mass., in 1913. He received the degree 
of bachelor of science from Springfield College in 
1940, master of arts from the State University -e 
Iowa in 1944, and doctor of philosophy from M.I. o 
1948. He was a research assistant at the State Uni. 
versity of lowa before joining the Institute staff as 
an instructor in economics in 1944. Two years later 
he became a research associate in economics, and in 
1947 Dr. Bavelas was appointed assistant professor of 
psychology. He was promoted to associate professor 
of psychology in 1949. 


Stratigraphy and Petroleum Geology 


jk appointment of Ely Mencher, ’38, formerly 
Senior Field Geologist and Research Geologist 
with the Socony Vacuum Oil Company of Venezuela, 
as Associate Professor of Geology in the Institute's 
Department of Geology and Geophysics has been an- 
nounced by George R. Harrison, Dean of the School 
of Science. At M.I.T. Dr. Mencher will conduct courses 
in stratigraphy and petroleum geology, and will con- 
tinue his research on the ge ology of South America. 

Born in New York City in 1913, Dr. Mencher re- 
ceived the degree of bachelor of science from the City 
College of the City of New York in 1934, and was 
awarded the degree of doctor of philosophy from 
M.L.T. in 1988. 

From 1935-1938 he was a teaching assistant at 
M.I.T. and instructor in geology, Summer Session, City 
College of New York, from 1936-1938. From 1938 to 
1943 he was professor of geology at the School of 
Geology, Central University, Caracas, Venezuela, — 
held the post of te chnical director at the school i 
1941-1942. 

Since 1943 he has held positions of increasing im- 
portance and re sponsibility with the Socony Vacuum 
Oil Compi ny of Venezuela, including the posts of 
Senior Field Geologist and of Research Geologist. He 
has carried on a varied program of geological field 
work and research in Venezuela, Colombia, and Puerto 
Rico, and has’contributed a number of articles to pro- 
fessional journals in geology. 

Dr. Mencher served as a member of the Organizing 
Committee of the Venezuelan Petroleum Congress 
that met in Caracas in 1951, and was chairman and 
editor of the geological part of the Proceedings of this 
Congress. The Proceedings were published this year in 
both English and Spanish by the Venezuelan Govern- 
ment. He also served as a director of the Venezuelan 
Association for the Advancement of Science for 1952, 
and as co-ordinator of its Geological Section during 
this vear’s sessions. 





Skyscraper among the 
buildings on the Tech- 
nology campus is the 
eight-story John 
Thompson Dorrance 
Laboratory of Biology 
and Food Technology. 
This view was taken 
early in December, 
shortly after personnel 
from the two Depart- 
ments had moved into 
their new quarters. 
Formal dedication 
ceremonies are planned 
for the late spring. 


The building hous- 
ing the Eastman Re- 
search Laboratories of 
Physics and Chemistry 
is at the left, and casts 
its shadow on the new 
facilities for biology 
and food technology. 
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Alumni Council Meeting 


pees last program of the Alumni Council for the 
year of 1952 provided a wide variety of interesting 
features to all of the 149 members and guests who 
attended the 292d meeting of the Council on Novem- 
ber 24. As president of the Alumni Association, Edwin 
D. Ryer, ’20, opened the dinner meeting which was 
held at the Faculty Club in the Sloan Building. 

The regular order of business included the intro- 
duction of guests (among whom were seven past 
presidents of the Alumni Association), and reports by 
Donald P. Severance, °38, Secretary and Treasurer, 
and Henry B. Kane, ‘24, Alumni Fund Director. In 
addition, James R. Killian, Jr., ’26, President of the 
Institute, spoke on the many ways in which Alumni 
took part in aiding the administration of M.LT. affairs; 
Sir Richard Livingstone, Carnegie Visiting Professor 
of Classical Literature and former Vice-Chancellor of 
Oxford University, gave his impressions of the Insti- 
tute; Edward L. Cochrane, ’20, Dean of the School 
of Engineering and former chairman of the Federal 
Maritime Board, spoke on the work of this Board 
while he was on leave of absence from M.I.T. as the 
Board’s administrator; and a motion picture film, “Men 
of Science,” formed parts of the evening program. 

In his report as secretary, Mr. Severance stated 
that between October 28 and November 21, there 
were 17 members of the Institute’s staff who had 
visited 22 M.I.T. clubs in points as far away as Cara- 
cas, San Juan, Puerto Rico, Miami, Birmingham, 
Tulsa, Duluth, and Portland, Maine. 

Royal Barry Wills, ‘18, chairman of the Midwinter 
Meeting Committee, reported that plans for this event 
were well under way, and that an excellent program 
would be offered. Harold Bugbee, ’20, presented the 
report for the Committee on Audit and Budget for its 
chairman, Raymond H. Blanchard, 17, who was un- 
able to attend. As director of the Alumni Fund, Mr. 
Kane stated that 4,601 Alumni had contributed to the 
Fund $74,555 — as compared to 3,250 who contrib- 
uted $51,900 at the corresponding time a year ago. 
President Ryer announced that there would be no 
December meeting of the Council as the normal meet- 
ing date comes very close to Christmas. 

In keeping with the custom of bringing Council 
members up to date on events at the Institute, Presi- 
dent Killian spoke on the many ways in which Tech- 
nology Alumni contribute to the well-being of M.L.T. 
The strong upward trend in the number of applica- 
tions for admission to next year’s freshman class, and 
the recently formed Educational Council are both 
activities in which Alumni play a significant role. 
Under the chairmanship of H. B. Richmond, ’14, the 
Committee on Historical Collections is continuing the 
work, for many years faithfully carried on by Miss 
Julia M. Comstock, of preparing biographical sketches, 
with portraits, of Faculty members. Alumni are also 
aiding the Institute in keeping its courses of instruc- 
tion in the forefront of teaching, through the depart- 
mental Visiting Committees on which Technology 
graduates serve. In the past, Visiting Committees have 
been effective in helping the Administration to find 
outstanding scholars to take important posts on the 
teaching staff. Alumni also serve as members of the 
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M.I.T. Corporation, and at present, 24 of the 34 life 
members of the Corporation are Alumni. Each year, 
the Alumni Association nominates three alumni term 
members for five-year terms, and the president of the 
Alumni Association is ex officio a member of the Cor- 
poration of the Institute. 

Sir Richard next discussed his impressions of M.LT. 
One important difference between the English uni- 
versities and M.L.T. is that there is nothing compa- 
rable in England to the M.I.T. Alumni Association 
which is requested to take part in a constructive re- 
view of educational policy. Alumni take no significant 
part in the financial support of their colleges and uni- 
versities, and organize primarily for social activities, 

Sir Richard compared English secondary schools 
and their American counterparts by outlining his ob- 
servations on the maturity of English and American 
students who enter college. It was his impression that 
British students are better prepared for college en- 
trance, but that American students generally exhibit 
greater interest in their college studies. In England 
there is a strong tendency to keep to tradition and to 
make changes slowly in curriculums, and students 
tend to specialize at an earlier age than their Ameri- 
can cousins. Sir Richard commented on the willing- 
ness of American colleges to experiment in new edu- 
cational methods, and spoke favorably of the advan- 
tages of the humanities programs offered at technical 
institutions, such as M.I.T. It was his belief that, what- 
ever else he acquired at college, every graduate should 
leave his alma mater with a philosophy of life as a 
guide to educated, mature living. 

President Ryer then introduced Dean Cochrane 
who, in 1947, returned to the Institute as head of the 
Department of Naval Architecture and Marine Engi- 
neering, after completing 37 years of service in the 
U.S. Navy. In 1950, Admiral Cochrane was granted 
leave of absence to serve as chairman of the Federal 
Maritime Board which had then been reorganized. 
Dean Cochrane discussed the need for an effective 
merchant marine, capable of carrying American cargo, 
and that of other friendly nations, who look to the 
United States for technological assistance. Although 
such a merchant marine is desirable from a national 
point of view, serious competition is encountered from 
foreign merchant ships which do not maintain as high 
a wage rate. To encourage shipping under the Ameri- 
can flag, without financial loss to shipping companies, 


the government subsidized shipping operations. The ‘ 


millions of tons of cargo for such programs as that in 
which grain was sent to India, and the thousands of 
trips to India, Japan, and Europe in connection with 
the Korean War and the North Atlantic Treaty Or- 
ganization were cited as striking examples of the effec- 
tiveness of the merchant marine since the end of 
World War II. Dean Cochrane concluded his address 
by giving a brief description of the new liner, United 
States, which was compared with the Queen Mary 
and the Queen Elizabeth. 

Council members were treated to a showing of a 
15-minute sound film, “Men of Science,” a documen- 
tary short subject prepared by R.K.O.-Pathé for its 
institutional series “This is America.” The film records 
the Institute’s contributions to technology and living 
in an industrialized society. 
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BUSINESS IN MOTION 





oD new CrMeaguee on pldiiiliatiiin Sees Ke 


According to the popular conception it is the func- 
tion of a mill or factory to fill orders, control costs, 
and maintain quality. However, in the case of 
Revere the mills in addition serve creatively in 
close cooperation with Sales, the Technical Advisory 
Service, and Research. This four-way organization 
is closely-knit in the common interest of serving 
the customer. 


When an order comes to a Revere mill, it is of 
first concern to the Methods 
Department, which sets up the 
mill procedures required to 
meet customer specifications, 
thus in effect acting as a repre- 
sentative of the customer. Meth- 
ods may consult with the T.A., 
the Laboratory, the Works 
Manager, and even individual 
operators. 


The long experience of our 
people is an important factor in 
customer satisfaction. Pins de- 
noting 20 and 25 years of serv- 
ice are common. Three out of five employees have 
been with us for 10 years, and one out of four for 
20 years or more. At each mill we maintain exhibits 
of products into which our copper and brass, alu- 
minum and steel tube go, products as diverse as 
band instruments, automobile radiators and heaters, 
flatware and hollow ware, furniture, architectural 
items, refrigerators and air conditioners, valves, and 
so on. These exhibits are changed frequently, and 





give our men a personal interest, a feeling that their 
work in making strip, sheet and plate, tube and 
pipe, bar and rod, and extruded shapes contributes 
to better products and better living. Our internal 
house organ, the “Revere Patriot,” carries articles 
about customers and how they use our metals, and 
about our distributors and how we help them serve 
their customers. 


So important are the Revere mills and the people 
who man them that quite often 
customers visit them to learn 
about mill operations. And mill 
personnel in turn go into cus- 
tomer plants. This interchange of 
information about mill methods 
on the one hand and customer 
fabrication processes on the other 
is extremely valuable. Adjust- 
ments on both sides make possi- 
ble either better customer prod- 
ucts or lowered costs, or both. 


The mills, in other words, 
are just as important to 
Revere customers as Sales, Technical Advisory Serv- 
ice and Research, which in combination give mills and 
customers the help needed, and in return receive it 
from them. When we have an order that literally must 
be handled with gloves and especially wrapped, all 
the people in the mill take great pains with it, not 
only out of a sense of pride in a good job, but because 
they realize that satisfied customers produce the 
orders that make jobs possible for us all. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

Executive Offices: 230 Park Avenue, New York 17, N.Y. 

SEE REVERE'S ‘MEET THE PRESS’’ ON NBC TELEVISION EVERY SUNDAY 
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BARNSTEAD 
WATER DEMINERALIZERS 


are 
BUILT BETTER 


Uscolite Steel Columns Lined 
Piping With With Sheet Rubber 
Flanged Joints Linings 1/8" thick. 
Vulcanized In Place 
(Not Sprayed Or Coated) 


Trough During 
Regeneration 


Self-Contained 
Regenerant Tanks. 
Entire Acid Tanks Lined An Individual Tank For 

Packaged” Unit With 10 coats 

Each Column 

On Steel a of Acid-Proof Bolted In Place. 

Easy To Insta! Duroprene Easy To Remove 





Barnstead Water Demineralizers are 
engineered to give you long, trouble-free 
service . . . they are scientifically de- 
signed to produce Pure Water — and 
water of standardized, controlled quality 
for as low as 5c per 1000 gallons. 

Now, Barnstead Demineralizers can be 
used profitably in countless operations 
and in every industry that is plagued by 
the uncertainties of tap water. Demin- 
eralized Water, by Barnstead, insures 
better products, consistent results, fewer 
rejects, and lower operating costs. 
Whether you need 5 or 1000 gallons per 
hour, Barnstead engineers will be glad 
to help you find the right answers for 
your specific Pure Water problem. This 
service is yours for the asking. 


FIRST IN PURE WATER SINCE 1878 


Barnstead 














STILL & STERILIZER CO. 
BARNSTEAD STILL & STERILIZER CO. 


26 Lanesvilie Terrace. Forest Hills. Boston 31, Mass. 


Gentlemen: Piease, send me the complete Pure Water story on 
Barnstead Demineralizers. 


CD iiiasnicoatiiate Firm 





Address 





City State 
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THE TWO PHILOSOPHIES 


(Continued from page 150) 


The result has been a false philosophy of human 
relations; the intolerable development of fear, wrong 
values, superficial compromises and dishonesty 
which have never led to constructive solutions. By 
using such methods, we have denied each other free- 
dom to work together, and have continued to make 
men slaves — slaves even of their need for power to 
enslave others. Naturally we have been plunged into 
one destructive conflict after another. We are not 
whole; we are only spliced together. It’s worse than 
that. Some of the pieces of our wholeness are missing, 
and until we are able to provide the missing pieces 
there will be a spiritual emptiness in our relation to 
each other. 

Here, then, are the two basic philosophies of which 
all others are but variants: on the one hand, the phi- 
losophy of finding the true nature of things and co- 
operating with them in terms of that nature; on the 
other hand, the philosophy of domination — by en- 
ticement if possible, by coercion if necessary. 

These two philosophies affect three groups of 
people: the few who seek the truth and who want 
right answers, no matter where the answers may lead, 
or what old gods are demolished in the process; the 
more numerous who want power over other people 
for personal advantage, no matter what deception is 
involved; and the multitudinous many who mistak- 
enly think they want someone else to take responsi- 
bility for them, no matter how they may be exploited 
by the masters who seemingly protect them. 

If we would earnestly seek and honestly adopt in 
our approach to raising children, to labor relations, 
to politics, and to religion the same self-correcting 
approach of objective observation, penetrating 
thought, and intelligent questioning of old ideas we 
have used with technological problems, the rewards 
over a few decades would be equally immense. We 
could overthrow the rule of fear, deception, irration- 
ality, dishonesty, superstition, and destructive conflict 
which now plagues the interdependence of men 
around the world. We could make this interdepen- 
dence secure and productive. We could do it as surely 
as we have overthrown the fear of our dependence on 
nature. But it can never be done as long as national- 
ism keeps us fearing each other, or religious dogma 
separates us, or repetitive wishful thinking misleads 
us, or political indoctrination deprives so many youths 

(Continued on page 164) 
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Where your operations de- 
mand exceptional resistance 


to moisture, ozone, heat, and | retained 


aging, ANHYDREX XX has 
the extra insulation stamina 
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| 


eling temperature of 250°F. 
(121°C). ANHYDREX XX 
its excellent elec- 
trical properties as well as 
its rubber-like characteristics. 


that means longer-life and|We subjected a vegetable oil 
trouble-free service. ANHY-|compound to the same test 


DREX XX _ specially 
you uninterrupted service 
year in and year out at 2,000- 
17,000 volts in underground, 
duct, or aerial installations. 
Our research engineers 
aged ANHYDREX XX for 
sixteen weeks under the gru- 


com-|and after only 
pounded insulation will give|lost its rubber-like character- | 





one week it 


istics. A heat-resistant com- 
pound had the same result 
after three weeks of testing. 
Both compounds became brit- 
tle and when bent cracked 
and crumbled. There is no 
better proof anywhere that 


| ANHYDREX XX is tops in 


high voltage insulation. 


The next time you need 
high voltage cables be sure 
ito specify ANHYDREX XX 
‘for economy, quality, and 
| satisfaction. ANHYDREX XX 
‘Insulated Cables offer the 
kind of performance that re- 
‘duces maintenance and re- 
| placement costs. For more 
complete information about 
what ANHYDREX XX will 
do for you, contact your near- 
est Simplex representative or 
write in care of the address 
below. 











SIMPLEX WIRE & CABLE CO. 


SIMPLEX WIRES & CABLES 


79 Sidney Street 
CAMBRIDGE 39, MASS. 
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THE TWO PHILOSOPHIES 
(Continued from page 162) 


of their right to think for themselves at the very age 
when they should first be standing on their own feet. 

What happens to science when the scientist adopts 
the philosophy of you-will-find-what-you-want-to- 
find? Mr. Hitler and his Aryan race offer an example 
in the social sciences, and the results, though influ- 
ential for awhile, came to ruin because they were not 
based on truth. Currently the Russian plant breeder, 
Lysenko, is saying, “If you want to get a particular 
result, you will get it.” In other words, truth is what- 
ever you wish it to be. Is it, either in science, or in 
politics, or in religion? More than 300 years have gone 
by since most men of science decided that it was not. 

Our trouble is not so much that we have concen- 
trated on material things and ignored spiritual things, 
it is that we have attacked our spiritual problems and 
our material problems with virtually opposite 
methods. In human relations we have tried to con- 
quer; in science we have tried to understand the 
nature of what we were dealing with and to co- 
operate with that nature. In the one area we have 
sought “power over”; in the other, “solution with.” 
The contrast in results is as great as the difference in 
method. King Canute got nowhere ordering the sea 
back, but by co-operating with the laws of nature 
the Dutch have held it back for more than 300 years. 

But what about power? It cannot be avoided in any 
consideration of eitherrscience or of human relations. 


» 





The greatest obstacle to co-operation does not. seem 
to be authority over other people, but power in the 
hands of people who personally profit from that 
power and who use it with scheming self-interest. In 
human relations, as in science, it is not power but its 
misuse which does damage. 

The problem is to see that interpersonal power is 
used in a constructive, well-integrated manner, 
whether it be the power of parents, of teachers, of 
labor, of management, of the clergy, or of government 
officials. This cannot be accomplished unless and until 
the philosophy of domination is honestly replaced by 
a self-correcting philosophy of unceasing search for 
more adequate truth by rational methods. We must 
accept as proven that — and only that — which the 
body of competent opinion around the world will 
accept as tested and proven. If we are to live amicably 
we need to adopt such standards, even in the field of 
religion. 

The argument that without hope of heaven or fear 
of hell men become unmanageable, reveals the sub- 
conscious idea of power over other people behind 
these teachings. It also is a commentary on the politi- 
cal concept of God which accompanies them. There 
is imperialism in religion wherever there is a political 
philosophy behind religion. But what kind of God 
would create people whe must be controlled by coer- 
cion or enticement, people who are born evil, people 
who become virtuous only by being saved from them- 
selves through ove.coming ‘themselves as they were 

(Continued on page 166) 





ELECTRIC BOAT 
Offers These Facilities for Jobbing and Sub-Contracting Work: 


FOUNDRIES PATTERN & STRUCTURAL 
Ferrous & Non-Ferrous MACHINE SHOPS WELDMENTS 





Our foundries, machine and welding shops, long 
experienced in meeting rigid requirements of 
the U. S. Navy, are well qualified to turn out a 
wide variety of work to exact specifications. The 
foundries are equipped to handle bronze cast- 





ings up to 5 tons, aluminum castings of light and 
heavy classifications, and gray iron castings up to 
10 tons. Machine shop operates lathes to 60” turn- 
ings, boring mills to 100” diameter and planers 
to 120” width. Crane capacities to 50 tons. 


Write or telephone for full information 


ELECTRIC BOAT 


Division of General Dynamics Corporation 
Groton, Connecticut 
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1... that you can Clean Condenser Tube en ci 


without Downtime or Loss of Pressure s 
C. H. Wheeler Reverse Flow Condensers are “Self-Cleaning”. Electrically, hydraulically or 
manually operated sluice gates within the condenser reverse the flow of water in the 
tubes to flush debris and marine growth away from tube sheets. 


2 -.. that there are Vacuum Pumps with No Moving 
Parts ... and often requiring No Extra Power & 


C. H. Wheeler Tubejets convert waste steam into useful vacuum for pumping, refrigera- 


tion, etc. ? 
3... that a Cooling Tower can be Built to Blend with a 7 


Building—or to Stand Alone against Hurricane Winds = 
C. H. Wheeler Water Cooling Towers may be sheathed with any building material to 
harmonize with an architectural plan. Sturdy construction is guaranteed for performance 
and durability. 


4 e « « that Material will Grind Itself into Particles 100 


Times Finer than the Human Eye Can See 8 
C. H. Wheeler Fluid Energy Reduction Mills reduce materials to sub-micron particle sizes. 
Material is conveyed by air, steam of any gas or vapor in a closed circuit at supersonic 
speeds causing particles to reduce th Ives by repeated shattering contact with one 
another. 











Bulletins mailed on request. 


C. H. WHEELER 


C. H. WHEELER MANUFACTURING CO., 19th & LEHIGH, PHILADELPHIA 32, PENNA. 














1952 PUMP ENGINEERING HANDBOOK 


The Research Has Been Done For You 
‘PUMP ENGINEERING DATA” has been compiled for professional and student 


engineers who want their information in one 
volume. Designed for ease for use, with tables, 
diagrams, and charts. 


«++ was assembled by experts to 
provide the most pertinent and 
up-to-date material for pump 
engineering. Substantially 
bound in maroon and gold—con- 

tains over 400 pages. 





*** covers pumping problems encountered in build- 
ings, waterworks, sewage treatment plants, oil refineries, 
mines and quarries, irrigation, power plants, food and 
chemical plants, paper mills, and in many other applications, 


Send today for your copy of 


“PUMP ENGINEERING DATA” $3.00 


‘-WHEELER-ECONOMY PUMP 








ECONOMY PUMPS, INC « Division of C. H. Wheeler Mfg. Co. 
Sedgley at 19th and Lehigh + Philadelphia 32 Penna. 
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THE TWO PHILOSOPHIES 
(Continued from page 164) 


created? (This is not to be confused with overcoming 
their false selves after they have been forced outside 
their true natures by people who wanted power over 
them.) 

There have been wide differences between the sci- 
entists and the clergy, but unless God is inconsistent, 
there cannot be difference between true science and 
true religion. The scientist quarrels with the clergy- 
man’s idea of God; not with the assumption of a 
creator who divided the light from the darkness, who 
made the firmament, and who caused the earth to 
bring forth living things by processes we cannot 
explain. 

Men have built too many fences between science 
and religion, particularly since both are fundamen- 
tally concerned with the understanding and the im- 
provement of mankind. True science and true religion 
cannot be separated. Both are international in organi- 
zation and in activity. Both should have to do with 
humanitarian ends. Both should uncompromisingly 
search for the truth — without prejudice. The labora- 
tory looks for an expanding revelation of truth with 
every new generation. If the sanctuary would follow 
the same philosophy, might not the result be equally 
rewarding? Because Jesus was a healer we have not 
hesitated to go forward with medical research. Be- 
cause He was a law giver we have not disbanded the 
legislators. Because He was a great moral leader are 


we to believe that to challenge or to inquire further ip 
this area is heretical? “He that believeth on me, the 
works that I do shall he do also; and greater works 
than these shall he do.” [John 14:12] 

Educated people living in the Twentieth Century 
regard as suspect any nailed-down answers in the 
field of science. They should regard nailed-down 
answers as equally suspect in politics or in religion, 
We have gone far beyond Archimedes, Galileo, and 
Newton. We are in the process of going beyond Dar. 
win and Freud. We need to progress beyond Cicero 
and Catiline. Nor should we stop there. 

Certainly not all moral truth is already known. In 
1600 the natural philosophers were saying that there 
remained nothing new to learn about matter. Such 
statements can be made only by men who know little. 
We shall probably never know all there is to know 
about anything. How much of the whole truth do we 
know about an atom, to say nothing of a blade of 
grass? It is obviously foolish to say that all moral 
truth is already known. It is equally foolish to say we 
cannot adopt any religious codes because we know 
so little about moral truth. Because we do not know all 
the secrets of the atom is no reason not to practice 
chemical engineering. Oliver Heaviside said, “Shall 
I refuse my dinner because I do not understand the 
process of digestion?” How far would progress go did 
we refuse to act until we knew all? An increase in 
knowledge requires action . . . and intelligent evalu- 
ation leading to new knowledge. Thus no increase in 

(Continued on page 168) 








struments. 


Outside Diameter: 
Net Weight: 
Resistance of the copper conductor: 
Resistance of the inner shield: 
Resistance of the outer shield: 
Capacity between: 
(a) the conductor and inner shield: 
{b) the inner shield and outer shield: 
Insulation Resistance between: 





B.-I.W. 


SPECIAL SHIELDED ELECTRONIC HOOKUP WIRE HAVING MINIMUM INTERNAL NOISE CHARACTERISTICS 


Bil W +626 CABLE is particularly designed for applications where internal noise in shielded leads 
affect the electronic circuits, particularly in telemetering and shock wave measurements. This wire is es- 
sential for use with piezoelectric instruments, microphones and hydrophones. It is little affected by tem- 
peratures from 400°F. to minus 60°F. It is of miniature size, a distinct advantage for wiring in small in- 


THE CONSTRUCTION consists of #22 stranded tinned copper concuctor insulated with Tefion, covered with tinned 
copper shield which is in turn covered with a second insulating layer of Teflon and a second shield. The outside covering 
consists of white glass braid silicone treated. The physical and electrical properties are tabulated as follows:— 


.150” 

22 pounds per 1000 ft. 
16.0 ohms per 1000 ft. 
10.8 ohms per 1000 ft. 
6.8 ohms per 1000 ft. 


42 mmf per foot 
100 mmf per foot 


(a) the conductor and inner shield 10,000 megohms per 1000’ at 25°C. 
(b) the inner and outer shield 5000 megohms per 1000’. 
Voltage Rating, Dielectric Test, and Breakdown Voltage: 


(b) between inner and outer shield 300V AC rating, 1000V test, 3000V breakdown 


Price for quantity ordered at one time: 
250 ft. $29.30 per 100 ft. 
500 ft. 27.00 per 100 ft. 
‘ 1000 ft. 22.50 per 100 ft. 
2000 ft. 21.80 per 100 ft. 





(a) between the conductor and inner shield 600V AC rating, 1500V test, 4000V breakdown 


Noise Characteristics: When subjected to vibration or instantaneous physical compression such as demonstrated by grip- 
ping with a pair of plyers, the measured induced voltage is less than 20 milli-volts. 


BOSTON INSULATED WIRE AND CABLE CO., BOSTON 25, MASSACHUSETTS 
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X-Ray Department 


New Toot FoR Mepicat ReE- 
seancH: Completion of the Cobalt- 
(0 irradiator marks the beginning 
of an era which medical re- 
varchers look hopefully toward. 
Their need is for a simple low-cost 
surce of high-energy radiation. 
Pile-produced isotopes for tele- 
therapy must, among other things, 
emit gamma radiation and have a 
half-life longer than 150 days. 
Radioactive Cobalt-60 emits gamma 
radiation, has a half-life of 5.3 
years, and is obtained from the 
waste by-products of plutonium 
production. A 1000-curie Cobalt-60 
surce should produce a radiation 
intensity about equal to 1500 grams 
of radium. 
Availability and cost of the source 
will generally determine the future 
of Cobalt-60 teletherapy. 
The chief saving comes from the 
need for a smaller space in which to 
house the Cobalt-60 source. Until 
it becomes available at much lower 
cst, or another artificial source 
is accessible, the super-voltage x- 
ray machine will not be supplanted 
by artificial radioactive sources. 
General Electric Review 
November, 1952 


* 
C. G. SUITS 
Research Laboratory 


THE ENGINEER IN INbustry: Tech- 
nology is based on science, and 
sience seems to be _ boundless. 
Engineering is becoming more com- 
plex and specialized as new subject 
matter is added at an ever-increas- 
ing rate. 

Increasing complexity of engi- 
neering practice is not leading to 
greater regimentation of the engi- 
neer, but rather to the contrary. 
While a project such as the develop- 
ment of an atomic reactor requires 
a high degree of co-ordination of 
many technical skills, the variety of 
such skills employed by modern 
industry provides a broad selection 
from which an individual may 


choose his field of specialization. 
Thus, a great range of individual 
interests may be accommodated 
within the confines of a large co- 
ordinated project activity. 


Continuing research will  un- 
doubtedly lead to new develop- 


ments in science which will lead to 

new applications in engineering. 

This he Sr esr process appears 

to be an inexhaustible natural re- 
source. 

Yale University 

Vew Haven, Connecticut 


* 
H. A. WINNE 
Engineering 


Tue Atomic-ELectric Power IN- 
pustrY: It is unfortunate that our 
entry into the atomic energy era 
was by way of the atomic bomb— 
and when I say that | am not think- 
ing at all of the use of the bomb. 
It seems to me that we may have 
entered the development path at 
the wrong end. 

Most people undoubtedly feel 
that atomic energy development is 
so vastly expensive that it would 
not have come about unless govern- 
ment undertook it. 

We certainly would not have had 
the atomic bomb, at the present 
time, nor submarine atomic power 
plants scheduled for the near future, 
without government financing, but 
| am not at all sure that we shall 
have a sound atomic-electric power 
industry sooner than we would have 
had if this development had taken 
a more normal course in the in- 
terested private industries. 

Various studies now under way 
contemplate the possible construc- 
tion of atomic-electric power plants, 
designed to produce plutonium, 
with electric power as more or less 
of a by-product. 

This situation would not constitute 
a sound basis for an atomic-electric 


What GENERAL ELECTRIC People Are Saying 


power industry. Certainly, barring 
war, at some time in the future our 
atomic bomb stockpile should reach 
an adequately high peak, and the 
government Mow. not then be 
justified in continuing to purchase 
the plutonium output. 

Atomic-electric power will be 
economically le only when it 
can compete with conventional 
electric power without requiring 
a government-supported weapons 
market. It could not do that today 
—unless in some very peculiar and 
unusual circumstances—nor, in my 
opinion, for a good many years to 
come. 


ATEE Machine Tool Conference 
Albany, New York 


* 


R. BLOUNT 
Lamp Division 


Evimination oF TV Camera Linr- 
TATIONS: TV pictures with three-di- 
mensional qualities are within reach 
of TV engineers today. With proper 
lighting methods and equipment 
this goal is immediately obtainable. 

As an example, a brighter fore- 
ground increases the feeling of 
depth and makes the background 
seem to recede from the viewer. 
while lighter backgrounds appear 
closer to the viewer. 

The following methods will help 
in obtaining required brightness 
differences: 1) providing 100 ver- 
tical foot-candles of base light; 2) 
developing form by applying model- 
ing light 30 to 50 per cent greater 
than base light: 3) separating actors 
from the background by applying 
backlight 50 to 100 per cent greater 
than the base light; and (4) adjust- 
ing background brightness with 
respect to foreground subjects. 


Television Studio Clinic 
Cleveland, Ohio 


GENERAL @@ ELECTRIC 
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If You Need 
Additional Manufacturing 
Capacity 


CALL IN 


LIQUID: 


CONTRACT MANUFACTURING DIVISION 


<—@® Capacity and manpower avail- 
able on Machine Shop, Sheet Metal and 
Woodworking facilities for industrial or 
defense contracts. 


Write for illustrated booklet “Special Con- 
tract Department” which lists and describes 
facilities. 





Contract Manufacturing Division 


THE LIQUID CARBONIC CORPORATION 
3100 South Kedzie Ave. . Chicago 23, Illinois 


Manufacturers of Brewingyand Bottling Machinery, Soda Fountai Gas 
Welding Equipment, co, Gas, Dry ice, Oxygen and Medical Gases 





Lowered Costs... 
in a nutshell 


If you make wire, twist paper, thread or syn- 

thetic yarns, it will pay you to investigate H-D 
twisters, ropers, layers, 
bunchers, stranders, 
These machines, envel- 
oping the most ad- 
vanced technological 
improvements, are sci- 
entifically designed to 
(1) increase production; 
(2) improve quality ; (3) 
lower manufacturin 
costs. Write TODA 
for new bulletins and 
suggestions from our 
engineering department. 


10” x 8” FORMER & TWISTER 


HASKELL-DAWES MACHINE CO., INC.) 


2231 E. ONTARIO ST., PHILADELPHIA 34, PA. 
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(Continued from page 166) 


knowledge is ever more than a series of approxima. 
tions, each, we hope, coming closer to the ultimate 
truth. 

No true seeker can ever be arrogant for long ig 
his conviction that he has the whole answer. The real 
blasphemy is believing that we have answers that are 
ultimate and final; that we know the whole truth. We 
do not and we never can understand God, but 
adopting the philosophy of the scientist we can dig 
cover more and more of the laws by which He causes 
the planets to revolve, the grass to grow, or a family 
to be held together in love. 

In order to have a happier world we do not need 
better brains, nor do we need to change humap 
nature, any more than the scientists have needed 
change nature. As they changed their approach § 
nature, so we need to change our treatment of humag 
nature. For co-operation and happiness we need only 
to adopt in industry, in religion, in politics, and in the 
home — giving them edge as well as new shape — the 
same self-correcting philosophy which has taken the 
scientists so far, so fast, in the last 200 years. Despite 
its extraordinary results, the scientists themselves haye 
only half believed their professional philosophy. They 
have accepted it as true in the laboratory, but they 
have ignored it in’ the other areas of their lives. 

To a certain extent, perhaps this state of affairs i§ 
understandable. The behavior of a lever is certainly 
more simple to analyze and to comprehend than is @ 
living being. Certainly it is now much easier in the 
physical sciences to break down a problem into ele 
ments to be analyzed, to isolate the variables, to estab 
lish criteria for measurement, and to repeat, test, and 
corroborate experimental evidence in the physical 
sciences, than it is to carry out similar operations if 
the science of human nature. Even in the physical 
sciences we have not yet learned how to deal effec 
tively with highly involved and complicated proe 
esses, but we have no hesitation in trying to find a 
solution. Furthermore, we must recognize that the 
economic and social sciences introduce interactin 
relationships of a kind already encountered in a 
physical sciences as chemistry, physics, and biology, 
Such present difficulties as these are no more serious 
than many that have been solved in the past. Already 
some of them are being overcome by the self-correct 
ing philosophy of the scientist. 

As before, the first requirement is an honest attempt 
to find the facts, no matter how disagreeable. As be 
fore, this requires rejecting the old dogmas which led 
us to reach conclusions before we even knew what 
questions to ask. As before, we need not only the 
courage to look, but the capacity to see. 

Let no one attempt to tell us that progress cannot 
be made because men do not have adequate labora- 
tory techniques. What laboratory techniques did 
science have in 1700? We can and we must develop 
techniques. In our homes, our churches, our factories, 
and our offices we must all search for what will stand 
up under critical examination. We must fearlessly re- 
ject everything else. It is not enough for us to under- 

(Continued on page 170) 
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THE TWO PHILOSOPHIES 
(Continued from page 168) 


stand and to respect the laws of the government of 
nature; we must understand and respect the whole 


law, including the laws of human nature. In the very 
process of trying to do this, new laws will be found. 

Many conditions which are extremely valuable in 
the physical sciences, do not appear in the social sci- 
ences. Damage done to a machine can be repaired, 
and that is the end of it. Damage done to a human 
being leaves permanent effects. Once Johnny tells a 
lie, he has a background. After that he can never go 
back and repeat the experience without this coz- 
ditioning. 

Because we have used a self-correcting philosophy 
in science, but not in our other activities, we have 
gotten ourselves into the worst mess in history, for 
which the false philosophies of coercion and entice- 
ment are to blame. Nevertheless, it cannot be shrugged 
off that whereas we have striven mightily to find new 
truth in the laboratory, we have resisted it in the 
sanctuary and in the political arena. 

We need not be afraid of the work of our hands, but 
at present we are afraid to trust one another as to how 
the work of our hands shall be used. The real blame 
lies on all of us for not living by a philosophy of truth 
found through reason, and with integrity which would 
lead to setting our interpersonal relationships right. 

The great task agd hope of mankind has now be- 
come the transformation of an interpersonal related- 
ness of coercion, enticement, and fear into one of 





PrP Oo @ 8 





cooperation. For this, the prime requisite is a populace 
with a philosophy which will allow us to work to- 
gether. To say, “God give us enlightened leadership,” 

is only to “pass the buck” in lazy, wishful thinking, 
Each one of us has an inescapable responsibility to be 
a builder of constructive relationships in his own 
life — and to be it with a faith that transcends the de- 
feats of the moment. Relatedness is the law of the 
universe. It is isolation which is impossible. The ques- 
tion for us is what kind of relatedness? 

The most important problem for the individual, 
and therefore, for the world — since all the world has 
is individuals — is how to achieve a relatedness which 
will result in happiness and peace of mind. Happiness 
is not the temporary diversion of gaiety or pleasure, 
but the sense of well-being which comes from an 
adequately lived life. Its companion is not freedom 
from disturbing influences, but meeting them with 
peace of mind. Men have inescapable needs, ranging 
all the way from physical self-preservation to the 
emotional satisfaction of creative self- expression in 
a group re lationship. Fulfilling these needs in whole- 
some ways is the only means fos achieving or of main- 
ti aining happy, pe ace ful inte rpersonal relations. 


New Philosophy Needed 


We need a new philosophy based on an orderly 
search for the ultimate reality of things, of people, and 
of their interrelation. Influenced by w vhat the scientists 
have done to the old absolutes, some metaphysical 

(Concluded on page 172) 
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See your Placement Officer today for the details on Lockheed’s Aircraft Training Program 
for engineers, as well as the better living conditions in Southern California. 
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THE TWO PHILOSOPHIES 
(Concluded from page 170) 


philosophers have come to the cynical conclusion tha 
nothing has significance. They see only destruction, 
brutality, and frustration for all humanity. For then 
the universe turns out to be nothing more than , 
variety of forms of energy, all moving in aimless chaos 
Man is no more than an electrocolloidal phenomenm 
without spiritual significance or ultimate purpose. 
Such pessimism is not justified. All that has hap. 
pened is a demonstration that the old concepts are 
inadequate. We are not born sinful. We are bom 
seeking what gives us happiness, and wanting to avoid 
that which gives us pain. The fact that we are more 
happy in a loving relationship than we are in a fight. 
ing one would convince the natural scientist that 
loving relationships are closer to the reality of man. 
kind than destruction, brutality, and frustration. His 
philosophy, applied to human relations, would even 
lead him to believe that man was. intended to experi- 


ence beauty; to be treated with dignity; to have self. f 


respect, inspiration, friendship, happiness, hope; to 
be whole and wholesome. 

Exactly as the scientist begins with something small 
he can handle, correcting his mistakes as he goes 
along, each of us must begin with himself, and widen 
out from there to the family, the community, the fac- 
tory, the nation, and finally to the world. Only thus 
can we make our dependency on each other secure. 
There is no other road by which to achieve freedom to 
work together co-operatively, for there is no other 
philosophy consistent with the highest standards of 
religion, morality, and human values. 
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BACTERIOLOGY AT M.LI.T. 
(Continued from page 154) 


mator and a micromanipulator were added. In 1938, 


a Warburg apparatus was obtained through a grant 
from the American Academy of Arts and Sciences 
for research on bacterial metabolism. 

With grants-in-aid of research by the Rockefeller 
Foundation in 1936 and subsequently by other 
agencies for work in the fields of biophysics and bio- 
chemistry, much new and highly specialized equip- 
ment for work in the broad field of biology, includ- 
ing microbiology, became available. The equipment 
included x-ray diffraction units, electron microscopes, 
polarization optical apparatus, apparatus for investi- 
gating ultraviolet and visible absorption spectra, 
Raman spectra, emission and fluorescence spectra, 
high-frequency and high-voltage electrical fields, 
cold rooms, refrigerated centrifuges, ultracentrifuges, 
ultrasound producing devices, mechanisms for pro- 
ducing mono- and polynuclear films, radioactive 
tracer devices, quick-freezing apparatus, dehydration 
equipment, pressure cookers, radiant heaters, and a 
large array of normal but expensive equipment re- 
quired today in any laboratory engaged in fundamen- 
tal and carefully controlled research activity. The 
great emphasis in fundamental research which has 
occurred in the United States during the past 30 to 
40 years, has been reflected in the activities and in 
the rich and varied laboratory facilities now available 
at M.I.T. 

Reference must be made to two men now actively 
associated with the work of the Department of Food 
Technology who participated in the teaching and 
research programs in microbiology in the former 
Department of Biology and Public Health. Professor 
Proctor, Director of the Samuel Cate Prescott Labo- 
ratories of Food Technology and also Head of the 
Department of Food Technology, has been associated 
with the teaching of mycology, industrial microbiol- 
ogy, and technology of food supplies for many years. 
In 1933, he initiated a series of important studies into 
the microbiology of the upper atmosphere in collabo- 
ration with the Department of Meteorology at 
M.I.T. More recently, in collaboration with Samuel 
A. Goldblith, ’40, Assistant Professor of Food Tech- 
nology, he has studied the germicidal properties of 
high-voltage x-rays and cathode rays in connection 
with the sterilization of foods, antibiotics, enzymes, 
and other organic substances. He has also been in- 


(Continued on page 174) 
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BACTERIOLOGY AT M.I.T. 
(Continued from page 173) 


terested in solving numerous microbiological prob. 
lems associated with the processing, handling and 
shipping of foods. 

Professor Dunn has also participated actively in 
the teaching and research programs in Food Tech. 
nology and in particular with the courses in Bacteri- 
ology, Mycology, and Industrial Microbiology. In 
1937, he inaugurated a course in Germicides and 
Antiseptics which dealt with the basic principles in 
theory and practice of chemical and physical disin. 
fectants, germicides, and fungicides. He investi. 
gated old and new germicidal agents, including the 
quaternary ammonium compounds and their re. 
lationship to industry; medicine and agriculture. He 
has also been interested in detergents and other 
cleansing agents. 

The influence of Dr. Prescott on the life and ac- 
tivities of the Department of Biology and Public 
Health has extended almost over its entire career and 
has had.a profound and far-reaching effect on its 
brilliant achievements. Joining the Department as 
an assistant in 1895 after his graduation in 1894, he 
has been actively and intimately associated with its 
teaching and research programs until his retirement 
in 1942. He has taught general bacteriology, bacteri- 
ology of water and sewage, dairy bacteriology, bac- 
teriology of foods, mycology, industrial microbiology, 
zymology, industrial biology, technology of food sup- 
plies, technology of food products, and various other 
subjects. His researches have been equally broad 
and far-reaching and he has contributed in a signifi- 
cant manner to every one of the fields of micro- 
biology in which he taught. He has made contribu- 
tions to the bacteriology of water supplies, milk 
supplies, and food supplies. He has studied the 
microbiology of dehydrated, refrigerated, and quick- 
frozen foods. He has also studied the microbiology 
of textiles and fibers and the relationship of micro- 
organisms to the production of organic solvents, or- 
ganic acids and other commercially valuable end 
products. He has investigated almost every aspect 
of food preservation from a microbiological stand- 
point as well as the relationship of foods to disease. 
His record of achievement is remarkable for its 
extent, its magnitude, and its significance. 

Dr. Horwood, Professor of Sanitary Science, was 
associated with the teaching and research programs 
in bacteriology in the Department of Biology and 
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Public Health from 1916 to 1944. From 1917 to 1944, 
he was responsible for the two broad and basic 
courses dealing with General and Sanitary Bacteriol- 
ogy. Because of the administrative changes which 
occurred in the Biology Department in 1944, he has 
since been affiliated with the Sanitary Engineering 
Program at M.I.T. where he has continued his work 
in General and Sanitary Bacteriology. His contribu- 
tions have dealt with problems pertaining to the bac- 
teriology of water supplies and swimming pools; 
the bacteriology of household dusts and of the 
hands of food handlers; the bacteriological problems 
associated with the manufacture of edible gelatin and 
their solution; the possible evolutionary relationship 
between Aerobacter aerogenes and Escherichia coli; 
the bacteriology of eating and drinking utensils; the 
bacteriology of milk and food supplies; the factors 
influencing the germicidal properties of ultrasound; 
and the biology and biochemistry of the floc-produc- 
ing organisms in the activated sludge process. 

In the wake of financial support for teaching and 
research in biophysics and biochemistry obtained 
from the Rockefeller Foundation, the Administration 
at M.I.T. decided in 1942 to abandon the public 
health program in the Biology Department in 1944. 
A new staff was brought in and a radical reorienta- 
tion of interest and emphasis occurred. Public Health 
was dropped from the name of the Department. 
Dr. Horwood became affiliated with the Sanitary En- 
gineering Program in 1945. The William Thompson 
Sedgwick Laboratories in Sanitary Science were 
established in the Department of Civil and Sanitary 
Engineering in 1947, and the Option in Food Tech- 
nology in the Biology Department was set up as 
a separate Department in 1946. The Biology Depart- 
ment which had established such a splendid record in 
sanitary bacteriology, industrial biology, and food 
technology now places particular emphasis in its 
teaching and research program on the biophysics and 
biochemistry of microorganisms, on enzymology, and 
on pigment production among molds. 

Happily the interest in sanitary bacteriology and 
in food technology at M.I.T. has not been aban- 
doned, but is going forward with increased zeal in 
the Sedgwick Memorial Laboratories in Sanitary 
Science and in the Samuel e ate Prescott Laboratories 
of Food Technology. The laboratories are well 
equipped and _ staffed, and accordingly we may 
continue to expect with confidence numerous fur- 
ther contributions to microbiology, in pure aad 
applied science, in the vears that lie ahead. 
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AN AMERICAN AT OXFORD 
(Continued from page 157) 


which compares extremely favorably, percentage- 
wise, with the basic research done in this country. On 
the other hand, the English system also results in a 
deficiency of personnel capable of taking the original 
basic work and carrying it forward to a practical de- 
velopment. In England the practical side of technol- 
ogy, which requires a thorough training in method 
and technique, is being sacrificed for the theoretical, 


which requires more fundamental and, in a way, less - 


extensive study. Perhaps we have gone too far the 
other way in the United States. 

In my opinion, the advantages of the undergradu- 
ate curriculum at Oxford do not carry over to the 
graduate curriculum, and in this respect I believe the 
American universities are better. The requirement for 
an advanced degree at Oxford consists almost wholly 
in the production of a satisfactory thesis. In some 
cases, a qualifying examination must be taken, but 
this is not meant to do other than weed out the obvi- 
ously poor candidates. Thus, for the research and 
writing of the thesis, a student is almost completely 
free to make his own program, except for occasional 
discussions with a single supervisor. Of course, stu- 
dents are free to discuss problems with anyone, but 
such intercourse with the culty i is fostered te a much 
greater extent by our system of courses, teaching fel- 
lowships, and so on, than by the English system. Ox- 
ford maintains the philosophy of “putting a student 
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on his own,” but the opportunity to establish close re- 
lationships with one’s tutors is lost (or at least dimin- 
ished) for the graduate student. Graduate schools in 
in the United States usually increase the chances that 
a student will establish intellectual fellowship with 
faculty members. At the same time, American univer- 
sities also make a student depend on his own ambition 
and skill more than he ever has before. 

In reality, the Oxford system of education depends 
on much more than merely the methods of teaching, 
although a thorough discussion of its other aspects 
would carry this article on indefinitely. In the training 
of the students, the atmosphere at the University, the 
sports (or, rather, “games”), the many and varied 
clubs and organizations are all considered of impor- 
tance equal to that of teaching. Lectures or tutorials 
are never scheduled between 1:00 p.m. and 5:00 p.m. 
so that there will be no interference with sports. This 
position represents a fine, if unusual, attitude to an 
American. 

Tradition plays a large role too. I found that study- 
ing in my rooms, in a building built in 1418, seemed 
easier and. more natural than studying ever did at 
M.I.T.; the fact that students had worked there for 
500 years seemed to permeate the rooms and make 
studying the natural thing to do. I must admit, how- 
ever, that the scholastic asceticism that dictated lack 
of sufficient heating facilities sorely tried my study- 
ing abilities, especially during the worst part of the 
justly famous English winter. 

(Concluded on page 178) 
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M.L.T. alumni now achieving successful careers as our agents: 


Raymond P. Miller, CLU, '18, Salem 
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Russell W. “Ruck” Steger, University of 
Illinois star Fullback for four years, played 
an important part as a freshman in his 
team’s Rose Bowl victory in 1946. After 
he graduated, Ruck decided to find a job 
where his competitive spirit and initiative 
could help him move ahead fast. 

He chose life insurance as the field that 
offered him the greatest opportunity, 
along with freedom of action and the ad- 
vantage of a business of his own. After 
making a study of leading companies, 
Ruck chose New England Mutual. He 
liked the comprehensive training offered, 
and the association with congenial college 
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trained men. Since joining New England 
Mutual, Ruck has moved ahead fast. He’s 
convinced, he says, that he “couldn't have 
made a better choice.” 

Are you as far along as you thought 
you'd be by 1952? If not, it may pay you 
to look into the opportunities Ruck Steger 
found at New England Mutual. If you 
like to meet people — if you can “follow 
through”— you'll move ahead fast, too. 
Mail the coupon below for a booklet in 
which 15 men tell why 
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SYSKA & HENNESSY, INC. 


Engineers 


DESIGN +« CONSULTATION - REPORTS 
POWER PLANT + WASTE DISPOSAL - WATER SYSTEMS 


New York City 








HOLMES & NARVER, INC. 


ENGINEERS ° CONSTRUCTORS 


828 SOUTH FIGUEROA STREET 
LOS ANGELES 17 
TRINITY 8201 


JAMES T. HOLMES 
M.L.T. °14 


D. LEE NARVER 
STANFORD "14 








CHAUNCY HALL SCHOOL 


Founded 1828. The School that specializes in the preparation 
of students for the Massachusetts Institute of Technology. 


Ray D. Farnsworth, Principal 533 Boylston Street, Boston, Mass. 








LEONARD CONSTRUCTION COMPANY 


Engineers and Contractors 
SINCE 1905 


IN THE AMERICAS AND FAR EAST 


37 South Wabash Ave. 
Chicago 








LESSELLS AND ASSOCIATES, INC.—ENGINEERS 


RESEARCH -— DEVELOPMENT — TESTING — CONSULTATION 





Mechanicai Design and Development 

Analysis and Prevention of Mechanical Failures 
Experimental Stress Analysis 
Laboratory and Field Test Facilities 


916 Commonwealth Avenue, Boston 15, Mass. 
Telephone BEacon 2-2380 


T. A. Hewson "45 





V. E. Kyle °39 Cc. H. Kane "43 R. F. Brodrick "48 











AN AMERICAN AT OXFORD 
(Concluded from page 176) 

The role that the University is supposed to play in 
student life can be gauged from the fact that a good 
percentage of the work is supposed to be done during 
vacations, and 28 weeks a year are allotted to holidays 
or recreation. To some extent, I did follow the rule 
of work during vacation, but I also managed to see a 
lot of Europe! 

One little custom, whose value still puzzles me, is 
the dress that must be worn during examinations. 
Dark suits, white shirts, white bow ties, black shoes 
and socks, and academic gown must be worn and a 
mortarboard must be carried, if not worn. This dress 
is required during the traditionally warmest week of 
the English year, near the middle of June. Perhaps 
such dress makes for fine tradition, but aside from giv- 
ing the American students something to talk about 
when they return to the United States, its value seems, 
to me, questionable at the least. 

When one considers the absolute freedom of the 
University from any sort of outside control, it is aston- 
ishing to learn that something like 90 per cent of the 
students at Oxford are receiving a government grant 
of one sort or another. 

My impressions of Oxford University and its teach- 
ing methods are, perhaps, a natural reaction of an 
American student with a technical education at 
M.I.T. The two years I spent at Oxford were a great 
and new experience to me, and were, I like to think, 
of great value. The only unfortunate part of this is 
that such an experience is still relatively rare, al- 
though it is becoming less so; the value of interchange 
of students between countries is inestimable, but the 
potentialities are still largely untapped. It is no longer 
true that the best education must, necessarily, be ac- 
quired in Europe, but it is now true that the educa- 
tional systems of Europe and America complement 
each other in a way that probably makes the " ed- 
ucation a combination of the two. The great benefits 
to be derived from the opportunity to see and expe- 
rience other countries and people at first hand is of 
inestimable value to those who may be fortunate 
enough to acquire part of their education in a foreign 
country. On the basis of my two years abroad, it ap- 
pears that any extension of international student 
exchange is a positive gain in our educational oppor- 


tunities and in international understanding, which : 


should certainly be fully exploited. 





N. A. LOUGEE & COMPANY 
ENGINEERS AND CONSULTANTS 
: * 
Reports—Appraisals—Depreciation Studies 
Rate Cases—Business and Economic Studies 





120 BROADWAY NEW YORK 5, N.Y. 
| N. A, LOUGEE ‘11 L. A. MATTHEWS °13 


J, W. McDONALD, Jr. "20 —_B. F, THOMAS, Jr. “13 
| E. S. WEST ‘40 





























178 





THE TECHNOLOGY REVIEW 


\\ 


ae 








r00d 
ring 
Jays 
rule 
ee a 


8, is 
ons. 
10es 
da 
ress 
kK of 
aps 
Biv- 
out 
ms, 


the 
on- 
the 


ant 


ch- 
an 

at 
eat 
nk, 
; is 
al- 
ge 
the 
yer 
aC 
-a- 
nt 
d- 


its 


of 
te 
m 
nt 
r- 


hh : 











PROFESSIONAL CARDS 





JACKSON & MORELAND 
Engineers and Consultants 


Design and Supervision of Construction 


Reports — Examinations — Appraisals 
Machine design — Technical Publications 
BOSTON NEW YORK 


FAY, SPOFFORD & THORNDIKE 


Engineers 
Airports — Bridges — Water Supply and Sewerage 
Port and Terminal Works — Fire Prevention 


INVESTIGATIONS DESIGNS 
SUPERVISION OF CONSTRUCTION 


BOSTON NEW YORK 





JAMES F. DOWNEY 


CONSULTING ENGINEER 
INDUSTRIAL ORGANIZATION, PLANT LAYOUT, LABOR 
MEASUREMENT, JOB EVALUATION, PLANNING & 
SCHEDULING, MATERIAL CONTROL, BUDGET & COST 
CONTROL, LABOR RELATIONS 


20 North Broadway White Plains, N.Y. 


CLEVERDON, VARNEY & PIKE 


Consulting Engineers 
Hersert S. Cievervon *10 Waxpo F. Pike °15 
Lawrence J. Tracy °23 
Structural Designs Foundations 


Heating Ventilating and Plumbing Designs 
Industrial Buildings, Reports, Investigations 


120 TREMONT STREET BOSTON 8, MASS. 





EapizE, FREUND AND CAMPBELL 
CONSULTING ENGINEERS 
500 FirrH AVENUE New Yor« 36, N. Y. 


Mechanical — Electrical — Sanitary 
Air Conditioning — Power — Process Layouts 


J. K. Campbell, M.L.T. °11 


MAURICE A. REIDY 


Consulting Engineer 


BRIDGES BUILDINGS 
STRUCTURAL DESIGNS FOUNDATIONS 
CONSTRUCTION CONSULTANT AND ARCHITECTURAL ENGINEER 


Estimates and Appraisals 
101 TREMONT STREET BOSTON, MASS. 





STARKWEATHER ENGINEERING CO. 


INCORPORATED 


Engineers and Contractors for Pumping Plants 
Boiler and Power Plants, Cooling Water 
and Heat Recovery Systems 


246 Walnut Street, Newtonville BI 4-8042 


J. B. Starkweather, B.S. M.I.T. ‘21 


CHARLES NELSON DEBES AND ASSOCIATES 
ENGINEERS AND CONSULTANTS 


Plant Layout—Electrical—Mechanical 


Structural—Sanitary— Acoustical 


ROCKFORD TRUST BLDG. ROCKFORD, ILL. 
C. N. Depes °35 





THE KuLjian CorPoraTION 
Consultants @ Engineers @ Constructors 


UTILITY e INDUSTRIAL e CHEMICAL 
1200 N. Broad St., Phila. 21, Pa. 


MEXICO CITY e CARACAS « MADRID « ROME « ATHENS « TOKYO 
© CALCUTTA ¢ 


H. A. Kuljian ‘19 A. H. Kuljian “48 


Moran, Procror, Murser & RUTLEDGE 
Consuttinc ENGINEERS 


Foundations for Buildings, Bridges and Dams; 
Tunnels, Bulkheads, Marine Structures, Soil Studies and 
Tests; Reports, Design and Supervision 

Pardo, Proctor, Freeman & Mueser 


Ingenieros Consultores 


Ap. Correos 614, Caracas, Venezuela 


Wuiusm H. Musser ‘22 
Punw C. Rutissce ‘33 








FABRIC RESEARCH LABORATORIES 


Incorporated 


Research, Development and Consultation 
for Textile and Allied Industries 


665 Boylston Street Boston, Mass. 


W. J. Hameauncer, ‘21 K. R. Fox, “40 E. R. Kasweis, ‘39 


Cuarwes A. Macuime & AssociaTEs 
ENGINEERS 


Boston Providence New York 





JANUARY, 1953 





GILBERT ASSOCIATES, INC. 


ENGINEERS AND CONSULTANTS 
Malcolm G. Davis "25, Vice President Allen W. Reid "12 E. C. Edgar "35 


Steam, Hydro, Diesel Power Plants; Industrial Structures; 
Plant Safety, Labor Relations, Utility Rates, Valuations, 
Reports; Large Scale Purchasing; Industrial Laboratery 


New York, N. Y, Reading, Pa. Washington, D. C. 
Philadelphia, Pa. Houston, Tex. 





Cohasset 4-1020 Hingham 6-2360 


FRANK MASSA 
Electro-Acoustic Consultant 


5 Fottler Road 
Hingham, Massachusetts 


373 Atlantic Avenue 
Cc h t, Ma ~h tts 














. » 
Behind the Diamond "D”’... 


Behind the “Diamond D” stands a corps of the finest textile machinery engineers and 
designers in the world. Since 1816, Draper Corporation, world’s largest manufacturer of 
automatic looms, has remained in the forefront of the research and development of textile 
machinery. 

Since men cognizant of the peculiarities of textile machinery are in short supply, young 
engineers work under the supervision of the older experts, thereby receiving the invaluable 
experience that cannot be learned from books. 

Applications are welcomed, to insure a steady influx of young blood and new ideas. 

“Retaining Leadership Through Research” is no idle boast at Draper. It has been repeatedly 
proven throughout the years and will continue to be an indisputable fact. 


Draper Looms Produce More Cloth at Less Cost Throughout the World. 


DRAPER CORPORATION 


ATLANTA, GA. HOPEDALE, MASS. SPARTANBURG, S. C. 
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CHEMICALS 


® 


Quoker Oats Company 


New furfural plant at Omaha showing in the foreground a cutaway view Bt the chemical process section. 


This new furfural plant at Omaha is the latest addition to the pro- 
duction facilities of the Quaker Oats Chemicals Department. The third and 
largest of its kind, it incorporates the most modern features of engineering 
design backed by operating experience from the first two plants. Speci- 
fication furfural was produced within forty-eight hours of starting up the 


distillation and recovery equipment which was designed and built by Vulcan. 


Important to the economics of this new plant is the recovery of 
substantially all the heat in the digester vapors, utilizing Vulcan's standard 
design steam generators. This more than supplies the heat required for 
the refining operation leaving a surplus available for other uses. Improve- 
ments in recovery and refining have reduced product losses and impurities 


to a negligible quantity. 


Here is an excellent example of results achieved in chemical process 


design through the close integration of Vulcan's experience with that of 


9” the customer. 


MEARS OF SERVICE 


ENGINEERING DIVISION @ 





if if) ’ 
HT HALLY 


VULCAN 


ENGINEERING DIVISION 
OFFERS: 


TECHNICAL AND ECONOMIC 
SURVEYS 
PROCESS DEVELOPMENT 
PROCESS AND PLANT DESIGN 


EQUIPMENT DESIGN AND 
MANUFACTURE 


ERECTION & CONSTRUCTION 
INITIAL OPERATION SERVICES 


Inquiries concerning process problems will receive prompt attention by the engineering staff. 


VULCAN ENGINEERING DIVISION 


The VULCAN CopPpER & SUPPLY Co., General Offices and Plant, CINCINNATI 2, OHIO 


NEW YORK BOSTON PHILADELPHIA 


MANUFACTURING DIVISION @ 


SAN FRANCISCO 
VICKERS VULCAN PROCESS ENGINEERING CO., LTD., MONTREAL, CANADA 


CONSTRUCTION DIVISION @ 


INDUSTRIAL SUPPLY DIVISION 
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Continuous Radioactivity Measurements 


with the > Counting-Rate Meter 


for NUCLEAR RESEARCH * CHEMISTRY * MEDICINE & BIOLOGY 
* MINERALOGY 


GEOLOGY * METALLURGY * AGRICULTURE 


The G-R Type 1500-B Counting-Rate Meter, 
with Geiger-Mueller Counter, is a complete pre- 
cision instrument for the continuous visual, aural 
and graphic measurement of the rate of random 
radiation. It is basically a laboratory instrument 
rather than a field survey device. 

Four response speeds control meter fluctua- 
tions for varying conditions — change in rate of 
count occurring in a fraction of a second can be 
recorded or measured accurately — high input 


Type 1500-B 


Counting-Rate Meter 


sensitivity permits use of long cable to coun 
tube — calibration adjustment on panel — acey 
racy unaffected by +10°% changes in line voltage 


WITH THIS INSTRUMENT the geologi 
has observed the disintegration of mineral deposit 
to learn the age of the earth... the metallurgi 
has compiled valuable data on case hardening, 
welding and alloying ...chemists have studied 
photosynthesis by tracer techniques. . . biologig 
have determined the effects of dosage of food or 
medicine on a specific organ, and have applie 
irradiation selectively . . . the mineralogist has tab 
lated the relative abundance of natural radi¢ 
active isotopes. 


Crystallography, oil surveying, glass and plastig 
manufacturing, combustion engineering design, on 
assaying and turbulence research arg 
but few of the many fields 
where measurement of radio- 
activity is proving ve 
valuable. 








The Type 1500-B. Counting-Rate Meter is 
being used to drive the Esterline-Angus 5 
ma model has n recorder (available as an 
accessory)... particularly useful for obtain- 
ing a permanent graphical record of changes 
in rate. Visual and aural indication of 
radiation intensity are provided by panel 
meter and loud speaker. 


Range: full-scale values of 200, 600, 
2000, 6000 and 20,000 counts per 
minute — minimum rate readable on 
meter scale is 5 counts per minute 
Pre-amplifier: built into hand probe at end 
of 6-foot cable —adapley permits use of ei- 
ther self-quenched or internally quenched 
counter tubes of any design 


WAIN 


r 275 Massachuse 


ABRIDGED SPECIFICATIONS 

Accuracy: +3% of full scale 

Response: Four response speeds for wider 
range of meter damping 

Counter Circuit Voltage: continz yusly variable 
from 400 to 2,000 volts, and available at 
rear of instrument — can be read from 
8-position switch and calibrated dial — 
means provided for standardizing voltage 





mbridge 39, Massachusett 


30 5 


_ Output: trigger circuit output — recorder 
jack on front panel 


Accessories Supplied: plug for connecting 
recorder, counter tube adapter, line cord 
and spare fuses (counter tubes extra) 

Type 1500-P4 Beta-Gamma-Ray Counter Tube $40 
Type 1500-P5 Beta-Gamma-Ray Counter Tube $50 
Type 1500-P11 Probe Mounting Stand . . . $12.50 


GENERAL RADIO Company 


S ANGELES 3 


| 








